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What is an 
element? 


An element is a substance that cannot 
be broken down into simpler ingredients. 
Each one is made up of building blocks 
called atoms, which are unique for every 
element. For example, the element carbon 
contains only carbon atoms. There are 118 
elements, and most are found naturally 
on Earth, such as oxygen and gold. 
Elements are vital to our everyday 

lives, whether it is calcium keeping 

our bones strong or hydrogen powering 
environmentally friendly buses. 


French chemist 
Antoine Lavoisier 


ON Mercury, a liquid at 
/ room temperature 


Solid crystals of pure 
strontium refined 
in a laboratory 


Elemental forms 
All of the elements exist in one of three 
primary states under normal conditions 
of temperature and pressure: they are 
a solid, a liquid, or a gas, although a 
fourth special state called plasma is 
sometimes seen. Most elements are 
solids, except a few that are gases. 
Only mercury and bromine exist as 
liquids at room temperature. 


Early ideas 

The ancient Greeks believed the 
world was made of just four 
elements—earth, water, fire, 
and air. In medieval times, the 
study of the elements was a 
mixture of science and magic. 
Alchemists searched in vain 
for the Philosopher's Stone, 

a material they believed could 
turn metals such as lead into 
gold. The first breakthroughs in 
chemistry came in the 1700s. 
One important early chemist 
was Antoine Lavoisier, who 
showed that sulfur was an 
element, and water was not 
an element but a compound 
of hydrogen and oxygen. 


States of matter 

Elements can exist in three states: 
solid, liquid, and gas. An element 
can change from one state to 
another. For example, solid gallium 
can melt into a liquid, while liquid 
bromine can evaporate into a 
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gas. The changes do not alter the 
atoms of the element, but arrange 
them in a more, or less, rigid way. 


Solid 
In solids, the atoms are 
attracted to one another, 
are arranged in a regular 
pattern, and have little 
energy to move around. 


> Raw forms 
Elements are commonly 
found in one of two ways. 
If they are unreactive and 
do not easily combine with 
other elements, they may 


Gas 
As liquids become gases, the 
atoms are only very weakly 
attracted to each other. They 
spread out as far as possible, 
and have a lot of energy. 


Liquid 
As solids become liquids, 
the attraction between the 
atoms weakens. They have 
no fixed arrangement 
and more energy. 


Compounds 

When elements chemically bond with 

one another in a fixed ratio, they form 

compounds. For example, in sodium 

chloride, sodium combines with chlorine 
in an equal ratio to form a compound. 
Water is a compound that forms from 


"be found in their pure state, 
^ suchas gold. Elements that are 
more reactive always combine 
with the other elements around 
them. This combination of 
elements is called a compound. 
Compounds occur naturally 
and need to be extracted 
through a chemical process. 


two hydrogen atoms combining with one 
atom of oxygen to produce one molecule. 


Common salt 
(sodium chloride) 


Mixtures 

When elements or compounds combine 
in an unequal ratio without chemically 
bonding with one another, the resulting 
combination is called a mixture. For 
example, any combination of salt and 
sand contains two separate things, 

not chemically bonded to one another, 
and in no particular fixed quantities. 
Seen to the right is a mixture of soap 
foam and food coloring, which can 
be separated by filtering. 


Gold in quartz 


Pure hydrogen gas 
in a glass sphere 


Phosphorus 1% 
Others 196 


Calcium 1.5% Nitrogen 396 


Hydrogen 10% 


The human body 


About 99 percent of the Carbon 
human body is made from just 18.5% 
six elements: oxygen, carbon, 
hydrogen, nitrogen, calcium, 
and phosphorus. They combine 
to form thousands of different Oxygen 65% 


compounds. More than 60 
percent of the body is water, 
but a total of 25 elements are 
required to make our body 
work properly. They are called 
the “essential elements.” 


Inside an atom "— 


nucleus in three-dimensional 
areas of space called orbitals. 


Everything in the Universe is made of very 
small particles called atoms. Atoms are so 

tiny that they cannot be seen with the naked 
eye. They are the smallest units of any element, 
but the atoms themselves are made up of 
even smaller “subatomic” particles called 
protons, electrons, and neutrons. The number 
of protons in an atom of an element is unique 
to that element. 


The dense nucleus at the center 
of the atom is where nearly all 
the mass of an atom lies. 


Subatomic particles 

Protons and neutrons are found in the core, or nucleus, at the 
center of the atom, while electrons orbit the nucleus. Protons and 
electrons have exactly equal but opposite charges; protons are 
positive, and electrons are negative. Neutrons carry no charge. 
Because atoms have an equal number of protons and electrons, 
and neutrons contribute no charge, atoms in their natural state 
are neutral. Protons and neutrons have the same mass while 
electrons are about 10,000 times smaller. 


Atomic number 


1 proton 
O 3 protons 
1 electron 3 electrons 
in one shell in two shells 


8 protons 


8 electrons 
in two shells 


The orbitals are 


Hydrogen atom Lithium atom Oxygen atom arranged around the 
nucleus, at various 
What is the atomic number? distances, in layers 


The atomic number of an element tells us how many protons are found inside the called shells. 


nucleus of a single atom of that element. For example, a lithium atom (above) has 
three protons in its nucleus, which means its atomic number is 3. The elements 
are arranged on the periodic table in the increasing order of their atomic 
number, starting with hydrogen, the simplest element with just one proton. 


Positively charged protons 
attract the negatively charged 
electrons, holding them in 
orbit around the nucleus. 


Neutrons help keep the nucleus stable. 
They are attracted to the protons 
within the nucleus by a special form 
of attraction called the nuclear force. 


Molecules 

A molecule is a collection of neutral atoms 
that are chemically bonded together. The 
atoms may be of the same element, for 
example, an oxygen molecule. They can also 
be a collection of different atoms, as in a 
water molecule, which is a combination of 
two hydrogen atoms and one oxygen atom. 


A weighty theory 

As far back as 400 BCE, the ancient 
Greek philosopher Democritus had 
formulated the first atomic theory. 
However, then it was believed 
that all atoms in all elements 
were identical. Publishing his 
groundbreaking theory in 1808, 
the English scientist John Dalton 
(pictured) suggested that there 
are different particles (or atoms) 
for every element, and that the 
atoms of one element all have 
the same mass. 


Same element, different forms 

While all atoms of a particular element contain 
the same number of protons, some atoms of that 
element may have a different number of neutrons. 
These versions of the same element—with the 
same number of protons but a different number 
of neutrons—are called isotopes. For example, 
hydrogen (below) has three isotopes. 


The main isotope 
of hydrogen has no 
neutrons in its nucleus. 


Hydrogen 


With one extra neutron, 
this atom weighs twice 
as much as the main 
hydrogen isotope. 


Deuterium (isotope of hydrogen) 


This hydrogen isotope is 
three times heavier than 
the main hydrogen isotope. 


Tritium (isotope of hydrogen) 
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Groups 

A vertical column 
of chemically 
similar elements is 
known as a group. 
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Periods 

A horizontal row 

of chemically 
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known as a period. 
Lanthanides 
and actinides 
The "f" block 
elements are 
sometimes 
called the inner 
transition metals. 


m Transition Metals n The Carbon Group ai Noble Gases 


Groups (columns) 


Periods (rows) 


Periods 

As you move across a period, the atoms of each element have 
the same number of shells. However, as you move across the 
period the number of electrons in the outer shell increases. In 
the examples below, each element has three shells. The different 
numbers of electrons in the outer shells mean that these 
elements have differences in their chemical properties. 


ne FEN ^ *9 
| @ / \e, (oY oo 19, la 
ie Na jẹ? |e Mg joe T4 Al joe! 
oe / / c-r] b. 
99 LH es 
One electron Two electrons Three electrons 
Sodium Magnesium Aluminum 


An aluminum atom 
has thirteen electrons 
in total, with three in 
its outer shell. 


A sodium atom has 
eleven electrons in 
total, with one in its 
outer shell. 


A magnesium atom 
has twelve electrons 
in total, with two in 
its outer shell. 
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Blocks 

Within the periodic table there are larger collections of 
elements known as blocks. Three of these blocks—the 

“s” block, the “d” block, and the “f” block—contain elements 
that have many broad similarities with one another, but the 
“p” block contains a much more diverse set of elements. 


un 


p" block, a mix of metals, 
semimetals, and nonmetals 


"f" block, 
2000000020008 lanthanides 


and actinides 


"s" block, mainly 
reactive metals 


je “d” block, 
+ transition metals 


+ +++ 


Elemental information 

Each element is given a tile with important information to identify 
it. These include the element's name, symbol, atomic number, and 
atomic mass number. 


Atomic mass number 

This number shows the average 
mass of the atoms of all the 
naturally occurring forms 
(isotopes) of a given element. 
Beryllium has 12 known isotopes, 
and their average mass is 
9.0122 AMU (atomic mass units). 


Atomic number 

This is the number of 
protons in the nucleus 

of an atom of an element. 
A beryllium atom has four 
protons in its nucleus, so 
its atomic number is four. 


Name 

The elements are 
named after people, 
places, their sources, 
and many other things. 
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Chemical symbol 

Each element is given a one- 
or two-letter symbol. This is 
the shortened version of the 
element's English or Latin 
name. The first letter is 
always uppercase, and where 
there are two letters, the 
second is always lowercase. 


Dmitri Mendeleev 

The Russian scientist Mendeleev 
is usually thought of as the 
"father" of the modern periodic 
table. His original arrangement 
organized the elements by 
atomic mass, and also left gaps 
that accurately predicted the 
existence of some unknown 
elements, which would be 
discovered later. 


Elemental groups and sets 


Within the periodic table, elements are divided into smaller 
groups and sets that often have similar chemical properties, 
or are related to one another in some other way. 


Alkali vu A Alkaline | 


As the most abundant element The alkali metals generally 
in the Universe, hydrogen is have low densities, are soft 
unique. While it is placed at the 


^Y A little less reactive than their 
f group 1 neighbors, the alkaline 
enough to be cut with a knife, 4 earth metals get their name 


top of the alkali metals and react violently with both x AU from the fact that most of 
on the periodic table, water and air. As a result, En: ES them were discovered 
hydrogen is a gas, they are often stored under [DS in the form of their 4 
and it behaves a protective layer of oil or in y oxide compounds, 
nothing like an airless container. i] in the earth. 


those metals. 


Crystals of pure 
calcium refined 
in a laboratory 


Pure hydrogen stored 
in a glass sphere 


Laboratory sample of pure 
cesium in an airless vial 


c 


These metals form the Although they were once known as the A set of elements that are generally very 
largest set of elements “rare earths,” the elements in this set radioactive, the actinides are not found 
in the periodic table. They are not rare at all. The idea of rarity commonly in nature, with a few 

share many properties came from the fact that they are difficult exceptions. Many of them are only 

with each other, such to separate from one another, so they produced artificially, 


as their ability to form 
colored compounds, 
and are often used in 
specialized alloys. 


proved to be difficult to find. and have little use 
beyond research. 


Chunk 
Laboratory sample of pure 
of pure ytterbium LI uranium 


Laboratory sample 
of pure titanium 


Although these elements are all 
not very reactive, they do differ in 
other ways. Aluminum has many 
uses, including in construction; 
gallium is a liquid metal, and 
thallium is poisonous. 


Pellets of pure 
aluminum 
refined in a 
laboratory 


The elements in group 16 are diverse. 
There are two nonmetals (oxygen and 
sulfur), three semimetals (selenium, 
tellurium, and polonium), and livermorium, 
which remains mysterious because it is 
a relatively new element. 


Chunk 
of pure 
selenium 

refined in 
a laboratory 


Laboratory sample of pure tin 


Group 14 includes the nonmetal carbon, 
the semimetals silicon and germanium, 
the metals tin and lead, and the 
radioactive element flerovium—the 
newest member of the group. 


The word "halogen" means "salt 
forming." This comes from the fact that 
the group 17 elements will readily form 
salts when combined with metals. For 
instance, iodine reacts with potassium 
to form a salt called 
potassium iodide. 


Pure bromine 
stored in a 
glass sphere 


Nonmetals, semimetals, and metals 
make up the nitrogen group. Members 
of this group include a gas, some solids, 
and moscovium—an artificial element 
that is not yet well understood. 


Bismuth crystals 
refined in a 
laboratory 


Colorless, odorless, and tasteless, 
the group 18 elements are not 

very reactive at all. Their tendency 
to not mix with the other elements 
led to them being called “noble,” 
in the same way that a king 
or queen does not mix 
with common folk. 


Pure argon stored 
in a glass sphere 
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Hydrogen sits on its own above He 


- the alkali metals in the first 
EH Be column of the periodic table. ® € 21 ° BE Hyd rog e n 


Na Mg al Bi P S QUA 
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga B8 As Se Br Kr The first member of the periodic table, hydrogen 
Rb sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd in B Sb Te M Ke is the simplest and lightest of all the elements. 


s Ba b= a e Os Ir u i Po n "E " 
JG LLLLELELTM | ET Although it is the most abundant element in the 


m a - - - - - - - - 5 NE — - - Universe, you cannot smell, taste, or see hydrogen. It is 
| (Ua PO A Gs Eel Ei I agas found in stars and planets. Large planets, such as 
J Jupiter, have atmospheres made of hydrogen mixed with 
other gases. On Earth, hydrogen has many uses, from 
drinking water to environmentally sustainable fuel. 


Pure hydrogen gas is stored The Orion Nebula also contains 
inside this glass sphere, and gives elements such as iron, silicon, 
off a purple glow when electrified. carbon, oxygen, and helium. 


Clouds in space 

Hydrogen is abundant in the 

Orion Nebula, which is a dense 

cloud of hot gases and dust in space. 
Within these clouds of gas, new stars 
are born when hydrogen and other 
gases contract under the pressure 

of gravity. This nebula is located 
1,500 light-years away from Earth, 
meaning it takes 1,500 years for light 
to reach us from this cosmic cloud. 


Life-giver 
Water is vital to life on Earth. 
A single molecule of water 
contains two atoms of hydrogen 
and one atom of oxygen. 
Earth's surface is 71 percent 
water, in the form of 
oceans and lakes, which is 
where most of the world's 
hydrogen is found. 
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Powering the Sun lj 5 

The Sun is a massive ball of flaming M i ~ 
hydrogen and helium. The source | \ 

of the Sun's energy is its hot, dense n 

core, where hydrogen atoms undergo 

a process of fusion to produce the M 

gas helium. More than 600 tons of IN 

hydrogen is converted into helium each N b » 

second, releasing intense heat and light. 


1. This chamber 
contains liquid 


V ag 
hydrogen. L. 
Rocket fuel à. 
5 This chamber Modern space rockets S ERA ! , p 
contains liquid are powered by liquid : SR x. . & ict " r Page T 
oxygen. hydrogen. This element ` >" es Ada, > s ; ir a 
combines with liquid oxygen En SL Pw a $ DU Fr 
Sbbumps contrat tie to create extremely hot steam, SS. x >. oe = E -" 
flow of the liquids which escapes out of the nozzle NE SEEN SE 5 et G 
as they enter the with great force. This produces SI IE Fe u 
combustion chamber. a thrust that pushes the rocket SS Se 
upward. As an added benefit, 
' this process generates only The Sun is about 
NEC oed Steam as a by-product, making 


75 percent hydrogen. 

liquids come together, 
creating an explosive 
mixture that is ignited 


to create hot steam. 


hydrogen an environmentally 


safe choice of fuel. FRITZ HABER 1868-1934 


15 Making ammonia 


5. Explosive mixture J The combination of hydrogen 
passes through the m ; 4 and nitrogen produces ammonia, 
nozzle, creating steam = S 4 = a vital compound in fertilizers 
that pushes the * ; 

( : j P that aids plant growth. Known 
o p i 
s ) rocket upward, © Ce P ^ \ E as the Haber Process, this 
~ = T De» E technique was developed by the 
m J AE 4 German chemist Fritz Haber in 
Fritz Haber Hed 4 the early 20th century and is 
on a German BUNDESPOST : d 


still widely used today. 
postage stamp 


Hydrogen-powered 
bus in Japan 


Hindenburg disaster 
In 1936, the German airship Hindenburg was 
the biggest aircraft ever built. It was filled 
with hydrogen, which easily catches fire and 
burns with an extremely hot flame. In 1937, 
the Hindenburg caught fire due to a stray 
spark that ignited leaking hydrogen gas. 
The accident killed 36 people. 


Clean fuel 
Pure hydrogen is a clean energy source and is used to 


power some vehicles, such as this bus. When hydrogen 
is passed through a fuel cell (a type of battery that needs 
to be continually filled up), it chemically fuses with oxygen 
from the air. This reaction can be used to produce electricity, 
which powers the motor inside the vehicle. 


The six alkali metals are 
placed together in group 
one of the periodic table. 


Alkalı Metals 


Sitting below hydrogen on the periodic table are 
the alkali metals. A group of six similar elements, 
HH these metals react vigorously with water to 
= J produce hydrogen gas and alkaline solutions 
(solutions containing reactive chemicals called 
alkalis), and with the oxygen in air to produce 
compounds called oxides. Alkali metals are highly 
reactive and are not found in their pure form in 
nature, but as compounds. Pure alkali metals are 


shiny, and soft enough to be cut with a knife. 


Lithium 


Pure lithium is so light that it can float on water. 
n However, if left in the open, this silvery metal can 

tarnish in minutes. To prevent this from happening, it 
has to be stored in mineral oil. Discovered in 1817, lithium has 
a wide range of commercial uses today. For instance, it is mixed 
with magnesium and aluminum to form lightweight alloys used 
to manufacture some aircraft and trains. It is a key element in 
rechargeable batteries. Lithium is also useful in medicines. 


In nature ¥ 
This pure alkali An important source of lithium : 


metal turns dull is lepidolite. This violet-pink 
when exposed mineral gets its name from 
to air. two Greek words, lepidos, 
Laboratory-refined which means "scales," and 
piece of pure lithium lithos, meaning "stone." 


= It is so named because 
lepidolite often grows 
scalelike plates. 


Soaking it up 
Minerals containing Powerful battery 


lithium dissolve Rechargeable lithium-ion batteries 
easily in water. are widely used in modern 
^ Seas and oceans electronic devices, 


throughout the such as smartphones. 
world are filled Not only are they 
with vast amounts lightweight and small, 
of lithium. As a result, sea these batteries also 
creatures, such as the common allow people to use their 
lobster, are rich in lithium, which mobile phones for a long 
they absorb from seawater. time between charges. 


Sodium 


One of the most widespread elements on Earth, 
sodium is highly reactive and is always found 
combined with other elements. It is essential for 
life, and is widely used as sodium chloride (table salt), the 
most common sodium compound. Sodium compounds are 
found in fireworks and baking powder, and are also used 
to deice slippery roads. 


Transparent, 
cube-shaped crystal 


Halite 

A mineral called halite contains 
sodium chloride. More commonly 
known as rock salt, this compound 
is vital for human and animal health. 
Halite is found as cubic crystals, 
and forms as deposits around 

seas and lakes in dry climates 

when the saltwater evaporates. 


Dead bodies 
were dried 
using natron. 


Preserved forever 
Uses for sodium go all the way back to ancient 

Egypt. The Egyptians believed in an afterlife, so they 
preserved the dead in a process called mummification. 
They used a mixture called natron—a combination of 
different sodium compounds—to absorb the water in 
the body to dry it out before wrapping it in linen. 


Pure sodium in 
an airless vial 


Baking powder 
Sodium hydrogen carbonate—better 
known as baking powder—is added 
to cake batter in baking. When mixed 

with acidic ingredients, the baking 
powder releases carbon dioxide gas, 
which helps the batter rise, giving 
the cake a light, airy texture. 


Heap of sea salt 
in a salt farm 


Harvesting salt 
Salt forms in some rocks and, over 
time, it dissolves and runs into 
seawater. In shallow pools, the wind 
and the Sun quickly evaporate the 
a water, leaving thick heaps of salt 

^ that can be collected by farmers. 
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Soft metal 
Potassium is a soft metal that can be 
cut with a knife. This shiny, silvery 
metal tarnishes quickly when it 
reacts with oxygen in the air. This 
reaction forms a dull layer on 
the metal’s surface. Cutting the #4” 
metal again reveals the shiny i 


Potassium 


19 With its low density, potassium is a 
typical group one metal. Like all alkali 
metals, potassium has the ability 

to react with cold water to form flammable 


surface once more. 


hydrogen gas. As well as being an ingredient 
in many industrial products, such as fertilizers, 
potassium plays a key role in regulating our 
muscular and nervous systems and is 
important in our diet. 


Layer of a 


: Banana compound called 
Potassium- 4 | potassium oxide Sylvite 
rich food 
li j R A naturally occurring mineral of 
p , j Celery potassium, sylvite is composed 


mainly of the compound 
potassium chloride. Sylvite 
is similar to halite, which is 
also known as sodium 
chloride or simply “salt.” 
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Potassium in food PAE ER , 
Various foods contain potassium. Bananas are often N y i d Zi 4 2" 
considered to be potassium-rich, but many other i| uu SM lo 4 
; ; — —— Pink match 
foods have higher percentages of this element. A cup — . 
of coconut water, for example, has 0.02 oz (600 mg) of bud rn 
potassium compared to 0.015 oz (422 mg) in a medium- e WU 
sized banana. This useful element keeps the brain, chlorate 


Explosive quality 
Potassium chlorate, a 
compound of potassium, 
chlorine, and oxygen, is 
used in the manufacture CU 
of matches. When a match is 
struck, phosphorus and potassium 


chlorate mix in small amounts, 
and then ignite due to friction. 


nerves, and muscles functioning normally. 


Plant food 

Potassium is an essential 
element for plant growth. 

Its compounds are used 
extensively in fertilizers, 
along with phosphorus and 
nitrogen. In fact, fertilizers 
are often referred to by their 
“NPK” (nitrogen, phosphorous, 
potassium) content. 


Potassium-based fertilizer 
sprayed on a field 


Rubidium 


37 From rubidius, which is Latin for 
Rb “deep red,” rubidium produces a 
red-colored flame when burned. 
Discovered by the German chemists Gustav 
Kirchhoff and Robert Bunsen in 1861, it has 
a low melting point of 102.2°F (39°C). 


Pure rubidium is 
contained in this glass 
to prevent it from 
coming into contact 
with air and undergoing 
a violent reaction. 
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Fireworks 

Like many other group one elements, rubidium 
compounds can produce vivid colors when heated. 
For example, rubidium nitrate is sometimes used in 
fireworks to give a distinct purple color. It is also an 
ingredient in illumination flares used by the military 


Laboratory sample 
of pure rubidium 


in an airless vial 


Cesium 


55mm Like other alkali metals, cesium must be 
| stored away from water and air to avoid a 
violent reaction. An important application 
of cesium is in making atomic clocks—accurate 
timekeeping devices that can measure time down to 
a nanosecond (one thousand-millionth of a second). 


Shiny, silver-gold metal 


Laboratory sample 
> of pure cesium in 
p" an airless vial 


Solar cells 


| Cesium- 
Adding cesium to a solar cell | coated 
boosts the conductivity solar cell 


of silicon in the glass, 
increasing the cell's 
efficiency. Solar cells 
have a wide range 
of applications, from 
powering satellites in 
space to generating 
electricity on Earth. 


to aid rescues and at sea as distress signals. 


Francium 


87 This is one of the rarest elements on 
F Earth, with only a few grams estimated 
to exist in the planet's crust. Because of 

this scarcity, francium was one of the last 
elements discovered, in 1939, by 
the physicist Marguerite Perey. 
It was named after her native 
country—France. 


Uraninite 

This mineral contains tiny 

amounts of francium, 

a result of the atoms £ 

of other elements in # 

the ore undergoing 8 
radioactive decay. ¥ 


The six alkaline earth 
metals sit to the right 
of the alkali metals. 


Aquamarine raw crystal 


Aquamarine 

One of the chief sources of 
beryllium is beryl, a naturally 
occurring mineral made from 
beryllium, aluminum, silicon, 
and oxygen. Beryl can take 

on many different colors 
depending on the impurities 
present. Aquamarine is a type 
of blue beryl gemstone: the 
presence of iron makes it blue. 


tritt | 
EnEEEENEMB | 


Alkaline Earth 
| Metals 


A slightly less reactive bunch than their group 
one neighbors, the group two elements are 
called “alkaline” because they form alkaline 
solutions on reacting with water. Soft and 
shiny when pure, they are solid at room 
temperature. First purified in the 19th century, 
they are called “earth metals” because many 
of them were discovered in their raw form 
in Earth's crust. Each element in this group 
burns with a distinctive color. 


Once called “glaucinium,” meaning "sweet" (because 


Beryllium 
of the sweet-tasting compounds made of this 


Be element), beryllium was eventually named after the 


mineral beryl. A toxic and radioactive element, beryllium can 
be a health hazard. This metal has many applications when 
alloyed with other elements, including its use in making 
missiles and satellites. 


A single hexagonal 
mirror measures about 
41% ft (1.3 m) in diameter. 


James Webb 
Space Telescope 
NASA's James Webb Space Telescope 
is an Earth-orbiting telescope set 
for launch in 2019. It will be used to 
observe the Universe and to collect 
data about our Solar System, planets 
around other stars, and even the Big 
Bang—the event that gave birth 
to the Universe. Light from distant 
parts of space will be collected by an 
array of mirrors made of gold-plated 
beryllium. This element makes the 
mirrors strong and lightweight. 


Magnesium 


This light metal is very reactive, including 
with oxygen in the air. When it burns, it 
produces a bright white glow that is so 
intense it can damage the eyes of anyone looking 
directly at the burning metal. Magnesium is used are a sign of 
in flares and fireworks. en 


Yellowing leaves 


Chlorophyll 
Translucent, A green-colored compound found in 
eera DIDA tonm leaves, chlorophyll converts sunlight 
into the energy that plants need 

for growth. This process is called 
photosynthesis. At the center of each 
chlorophyll molecule is a magnesium 
atom. Without magnesium, plants would 
not be able to carry out photosynthesis. 


Shiny gray 
crystals 


Brittle 
mineral 


Magnesite 
This magnesium mineral is a good source 
of the compound magnesium oxide, which can 
be used as a material for lining furnaces 
because of its very high melting point 
and resistance to heat. 


Medication cup 
helps measure the 
required dosage 


These car rims are made of a 
Laboratory sample of pure magnesium magnesium-aluminum alloy 


for high strength and quality. 


Stomach settler 

Magnesium carbonate is a common 
ingredient in medication used to ease 
heartburn and other stomach ailments. 
The carbonate reacts with excess acid 
in the stomach, turning it into water 
and releasing carbon dioxide gas 

in the process. This gas can also 
make you burp. 


Magnesium alloys 
Alloys containing magnesium 

have the advantage of being both 
strong and lightweight. For that 
reason, several of them are used in 
the manufacture of high-performance 
led him to recognize magnesium machinery. One such alloy is called 
as an element. In the same set of Mag-Thor: a mixture of magnesium, 
experiments, Black also identified Custom-made car rims thorium, and other elements, it is 

the gas carbon dioxide. used to build aircraft engines. 


Finding magnesium 
In 1755, the Scottish physician 
and chemist Joseph Black 
experimented on a compound 
called magnesium carbonate that 


Calcium caves 
In caves, deposits of the compound 
calcium carbonate (also known as 
limestone) form structures called 
stalactites and stalagmites. Stalactites 
hang from the roof, while stalagmites, 
which are composed of droppings 
from the ceiling of the cave, appear 

to grow up from the ground. 


Stalactites take 
thousands of 
years to grow. 


Pure calcium i 
ww: Calcium 
cut with a knife. . . ; : : 

20 This soft, silver-white metal is the fifth most abundant 

Ca element in Earth's crust. It strengthens bones in our 
body, and is essential for growth. Calcium compounds 

are also useful in industry and in construction. Calcium 
oxide, for example, is used in the production of cement. The 


compound calcium hydroxide is used by the paper industry 
and for treating sewage. 


Acid controller 
Calcium compounds are used to reduce 
acidity in various ways. For example, 
calcium supplements boost the growth i d 
of some plants by making the soil less 
acidic. Calcium compounds are also an à 
ingredient in tablets that reduce acid- A 


related discomfort in the stomach. E 


Indigestion tablets 


Producing iron 
Calcium carbonate (limestone) 
Crystals of pure calcium is important in the production 
refined in a laboratory of pure iron. It is added to the 
raw materials in a blast furnace 
where it removes sand and other 
impurities from the iron ore. The 
mixture of the impurities and 
limestone, known as “slag,” is then 
separated from the pure metal. 


1. A mixture of raw materials, 
including calcium carbonate 
(limestone), is added to the 
furnace through this valve. 


2. Hot air enters the 
furnace, heating up 
the materials inside. 
Teeth and bones 
Calcium is the most abundant 
metal in our body. Calcium nm 
; compounds are responsible sinks to the bottom, 
for the structure of human and it is then drained 
teeth and bones. We get from the furnace. ) 
calcium in our diet by the molten iron, and 
, eating calcium-rich 


is collected from 
food, including dairy 


the furnace. 
products and nuts. E) 


3. Limestone mixes 
with sand and stones 
in the ore to form slag. 
This slag floats above 


Strontium 


This element is named after Strontian, 

a Scottish village near where its ore, 

strontianite, was discovered. Strontium 
has a toxic, radioactive isotope called strontium-90. 
Nuclear accidents, such as the 1986 disaster in 
Chernobyl, Ukraine, have released a large amount 
of strontium-90 into the atmosphere. 


Signal flare 
Compounds of many group 2 elements 
are known for their ability to produce 
colored flames. Calcium compounds 
give an orange-red color, while 
barium compounds are green. 
Strontium compounds provide 
a bright crimson color to 
fireworks and also signal 
flares used to attract 
attention (as pictured). 


Barium 


Discovered in 1808 by the English scientist 

Humphry Davy, the name of this highly 

reactive metal comes from the Greek 
word barys, meaning “heavy.” Interestingly, it is 
not barium itself that is heavy, but the minerals 
(such as barite) in which it is found. 


Barium meal 
In this medical test, a 
patient is asked to swallow 
a "meal" of barium sulfate, a 
harmless compound that 
passes through the digestive 
tract. This allows a patient's 
digestive organs—highlighted 
by the barium compound—to 
be examined clearly using an 
X-ray photograph. 


X-ray of a healthy human 
digestive tract, highlighted 
using a "barium meal." 


Radium 


A very radioactive element, radium gets its 
name from the Latin word radius, meaning 


"ray" (radium glows in the dark). In the 
early 20th century, radium compounds were used in 


medicines because people believed that radium cured 


diseases. However, its use was phased out when 
people who took these medicines became ill. 


This ore contains 0.02 0z (0.7 g) of radium 
in every 2,205 lb (1,000 kg) of rock. 


Uraninite 
Formerly known as pitchblende, 
this mineral was the source 
that Marie Curie used 

to discover radium. By 
processing huge amounts 
of uraninite and analyzing 
it, she discovered both 
radium and polonium 

in uraninite samples. 

The radium present in the 
mineral is formed as a 
result of the radioactive 
decay of uranium. 


Glow in the dark 

An isotope of radium, radium-226, was an 

ingredient in luminous paints used to make 

watch and clock dials glow in the dark. 

The paints became popular in the 1920s, 
long before the health risk was fully 
understood. Many people, especially 
young women, who worked with this 
paint became sick and even died as 

a result of exposure to radium. 


The radium in this paint makes the 
numbers glow green-blue in the dark. 


Marie Curie 

In 1898, Polish-born 

French scientist Marie 

Curie discovered radium 
and polonium, sharing 
credit for the former 
discovery with her 
husband, Pierre Curie. 
She received the Nobel 

Prize in Chemistry in 
1911 for the discovery 

of these two elements. 


Medal made in 1967 to commemorate the 
100th anniversary of Marie Curie's birth. 
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LI These metals sit between HE = [] 
Li Be the alkaline earth metals B E N O F Ne 
Na Mg and the boron group. ET si B s.Smrm | | 


a fa We Oo ie) PAG II With 38 members, the transition metals form the 
Ri Bb Sg Bh Hs Mt De Re n) EE 14 | largest set of elements in the periodic table. They 
att tt include those that sit from periods (rows) 3 to 6 
and groups (columns) 3 to 12. While characteristics 
BERNER TERR SPOT may vary among the members of this collection, 
there are some similarities. For example, these 
metals are typically hard and shiny, have high 
melting and boiling points, and are good conductors 
of heat and electricity. 


Titanium 


22 Named after the titans of Greek mythology—gods who 
TI were known for their exceptional strength—titanium 
is a hard and strong but lightweight metal. It's a fitting 
name, since most of the metals applications are based on 
titanium having the highest strength-to-weight ratio of all 
metals, and its ability to resist corrosion. 


Lightweight titanium 
frame is durable and 
resistant to impact. 


Everyday use 

Titanium is used to make items where 
strength is important but the weight of the 
object must be kept low. This metal has 


e t replaced steel and aluminum in many 

gray when everyday items, such as racing bicycles 

element is and glasses frames. Titanium's 

exposed durability also makes it popular in 

to air. alloys, to create stronger steel. Glasses with 


titanium frames 


Artificial arm 
made of titanium 
and carbon fiber 


Artificial parts 
This strong element 
is used in the 
medical industry 
to repair and even 
replace bones, joints, 
and limbs that have 
been damaged or lost. 
Titanium plates, screws, 
and rods can also hold bones 
together as they heal. The metals 
resistance to corrosion is also 

an important characteristic 

in medical applications. 


Scandium 


This transition metal 

is very expensive and 

therefore has limited 
applications beyond research. It is used 
in metal alloys, where small amounts 
of scandium can significantly change 
the property of another metal, making 
it more useful. 
Scandium is shiny, 


but quickly 
tarnishes in air. 


Laboratory sample 
of pure scandium 


Vanadium 


A typical example of a transition metal, 

vanadium exhibits many of the common 

properties of the metals in this group. 
For example, it is used as a catalyst 
in industrial applications, as an 
alloy to dramatically strengthen 
other metals, and to form 
colored compounds. 


These brittle crystals 
are the main source 
of vanadium. 


Vanadinite 
Vanadium is extracted 

from an ore called 
vanadinite. The shiny 
red crystals are a 
naturally occurring compound 
made of vanadium, lead, 
oxygen, and chlorine. 


Vanadinite 


Lightweight strength 
Scandium can dramatically strengthen the metal aluminum, 
even when added in tiny amounts. One such application 
of the scandium-aluminum alloy is in the building 
of fighter jets, for which high strength and low 
weight are crucial. 


Parts of this MiG-29 
jet's fuselage are / 
composed of a scandium- 1 
aluminum alloy.| |; 


Chromium 


Like vanadium, chromium can also form 

many colorful compounds—chromium is 

what gives the gemstone ruby its bright 
red color. The element was once an ingredient in 
pigments such as chrome yellow, but it is no 
longer used because it is toxic. 


Chrome-plated 
body does not 
corrode easily. 


Chrome finish 

When plated on top of another 
metal, chromium gives machinery 
a polished, mirror look called 
the "chrome" finish. This 
was popular in the car 
industry in the 1950s 
and 1960s. 


1967 Shelby 
Cobra AC 
Roadster 427 
sports car 


Cave art 

Many pigments used 
in ancient paintings, 
such as the Lascaux 
cave paintings in 
France, come from 
compounds containing 
manganese. Oxides 
of manganese tend 
to produce brown 
and black colors. 


Manganese 


2899 The Swedish chemist Johan Gottlieb 

Mn Gahn discovered manganese in 
1774. This element is essential 

in our diet in small quantities. Cereals, 
nuts, beets, and various other fruits and 
vegetables, such as blueberries, avocados, 
and olives, are all good sources of this 
transition metal. 


Better gasoline | 
A complex compound of manganese, carbon, 
hydrogen, and oxygen—known as MMT— / 
is added to gasoline in order to enhance 
its performance. The compound boosts 


PR sample D RARE the octane number of the gasoline. Octane High-quality gasoline 
of pure manganese mese" LLL numbers are used as a measure of protects motor engines 
the efficiency of gasoline: the higher the from wear. 


octane number, the better the fuel. 


| ro n Iron power 


When forged into 
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26 Based on the huge quantity produced, iron weapons and machinery, We $' The Eiffel 
Fe is by far the most important metal used in iron brought economic fam Tower, 
the world today. While construction is its and political power to MEME. Paris, France 
i ] : . fi many past empires. Bebe 
most common application, iron is also used as a In the modern world, it fais 
catalyst in many industrial processes, such as is the ee B Wrought 
in the manufacture of ammonia for fertilizers. a, Rates iron lattice 
$ In human blood, iron is present in hemoglobin, of iron and carbent- Kel 


à 


but also as cast and 
wrought iron. 


a compound that carries oxygen around 
the body. 


Rust red 
Iron corrodes in a natural chemical process called 
oxidation, commonly known as rusting. When 
exposed to water or oxygen in the air, the metal's 
surface gets coated with a reddish-orange layer of 
oxide that cracks and flakes away. Left unchecked, 
the process can wear away all the iron. 


Chunk of pure iron 
refined in a laboratory 
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Coloring glass 

In ancient times, a 
popular use of cobalt 
was in a pigment for 
coloring porcelain. In 
modern times, cobalt is 
often used to give glass 
a bright blue color. 


Purple- 
pink crystals C O b a lt 


za Like iron, cobalt is used to make permanent 
C magnets (magnets that cannot lose their 
(0) ; D. 
magnetism). Cobalt is important biologically— 
itis a part of vitamin B12, which helps prevent certain 
blood disorders. Alloys containing cobalt are hard-wearing 
and are used commercially to make jet engine blades and 
prosthetic body parts. 


This stained 
glass gets its 
Irradiating food blue color 


from cobalt. 


Erythrite 
A compound of cobalt, arsenic, oxygen, 
and water, erythrite is a mineral ore 
of cobalt. Bright red and purple, it is 


One particular form (isotope) of cobalt, 
cobalt-60, emits gamma radiation that can be 
used to sterilize surgical instruments and to 
preserve food. When food is exposed to this 


Table lamp 


striking in appearance and known 
by miners as "cobalt bloom." 


Nickel 


2899 This element's name comes from the old 
NI German word kupfernickel, meaning "copper 
demon.’ At first, German miners thought this 
mineral contained copper. It was later found to be 
an ore of nickel, but the shortened name—nickel— 
stuck. Pure nickel does not rust and is used to coat 
metal objects to protect them from corrosion. 


Tagging sea turtles 
Nickel alloys are used to make numbered 


individual marine creatures, such as sea 
turtles. Monel tags, as they are known, are 
mixtures of nickel and copper, and are highly 
resistant to corrosion in water. 


type of radiation, harmful germs are killed, 
making the food stay fresh for a long time. 


These silvery- 
white pellets have 


tags that help scientists to track and identify a yellowish tinge. 


with blue glass 
lampshade 


Pure nickel 
balls refined 
in a laboratory 


Copper nickel 

The US 5-cent coin called the “nickel” is 

in fact made mostly of copper. However, 
nickel does appear in most "silver" 

coinage in the form of cupronickel, the 

alloy that nickel forms with copper. 


The George Washington 
quarter, also made of 
cupronickel, was created 
in 1932 to commemorate 
the 200th anniversary of 
the president's birth. 
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Green lady 
Verdigris, a mixture of several 
copper compounds, is the green 
coating that forms on copper 
when it is exposed to air. The 
Statue of Liberty, in 
New York City, is 
now green because 
of verdigris on its 
copper layer. 


Found in minerals 

such as malachite, 

the color of pure 
copper makes it easily 
recognizable among metals. 
This element is very malleable 
and a good conductor of electricity. 
For this reason, it is useful in roofing, 
water pipes, coins, and electric motors. 


Pellets of 
pure copper 
refined in 
a laboratory 


Making music 
When mixed with zinc, 
copper forms an alloy 
called brass, which has 
long been used for making 
musical instruments. 
Because copper can 
be shaped easily, brass 
can be formed into 
complicated shapes 
to make these 
instruments—they 
also have a good 
acoustic quality 
and are very durable. 


Verdigris- 
23 coated copper 
TA layer sits 


on an iron 
framework. 


Electrical wires 
Copper is a natural 
choice for use in 
circuits and electrical 
wiring because of its 
ductility (the ability to 
be drawn out into thin 

wires) and its excellent 

electrical conductivity. 


Copper wire 


Zinc 

A relatively common metal, zinc 

can be obtained from minerals such 

as sphalerite and smithsonite. This 
element is useful in many ways, mainly in 
compound form. Apart from being present 
in the alloy brass, its major use is in preventing 
the corrosion of steel. Its compound zinc oxide 
is commonly used as a white sunscreen cream. 


Laboratory 
sample of 
pure zinc 


In our diet 

Zinc is essential in our diet. We consume 

it in foods such as cheese and sunflower 
seeds. Red meat—in the form of beef, liver, 
and lamb—is a particularly good source of 
zinc, as are herrings and oysters. 


Protecting steel 

Steel can be shielded from corrosion 
by coating it with zinc—a process 
known as galvanization. The outer 
layer of zinc forms a barrier around 
the steel underneath, protecting it 


This garden bucket's 
from constant exposure to water. 


steel surface is 
galvanized to keep it 
safe from corrosion. 


Galvanized 
bucket 


Sunflower seeds 


Yttrıum 


39 Along with three 
other elements— 
ytterbium, erbium, 

and terbium—yttrium is 


Bar of pure zirconium 


Zi rcon | um refined in a laboratory 


Laboratory sample 


named after the town of Ytterby, "Se pure yttrium ZjEB This element gets its name from the 

in Sweden. Yttrium has a radioactive Z Arabic word zargun, meaning “gold.” 
form, yttrium-90, which is used This is because its main mineral source, 
widely in treating several types zircon, has a brownish-golden color. A shiny 

of cancers. metal, zirconium is used to make hard-wearing 


alloys, such as those fitted in the outer layer of 
fuel rods in nuclear reactors. 


YAG laser beam 


Fake diamonds 

Cubic zirconia, the crystalline 

form of zirconium dioxide, 
can mimic diamonds. These 
fake diamonds can also 
appear in various colors 
using other elements—for 
example, erbium makes 
pink cubic zirconia. 


Medical laser 

When combined with other 
elements, yttrium can be used 
in laser surgery. A YAG (yttrium 
aluminum garnet) laser, when 
combined with an element 
called neodymium, is useful 
for cosmetic treatments 

such as skin laser therapy. 


M O lybd en u m Element of war 
m Discovered in 1781 by the Swedish chemist Peter dug NET 
M Jacob Hjelm, molybdenum is an essential element War I. While the British used it to 
in our diet. It is found in foods such as lentils and protect their tanks, the Germans 
beans, and it helps clear some toxins from the body. One of its most usedit for their heavy artillery. 
important industrial uses is in the production of moly-steels— 
steel alloys that have molybdenum added to them to make 
them harder and more resilient. 


British World War | 
Mark IV tank 


Chunk of pure molybdenum 
refined in a laboratory 


Steel-molybdenum 
body forms a protective 
layer against enemy fire. 


Niobium — 


Sourced mainly from 

the mineral columbite, this 

transition metal was 
known as "columbium'" for more 
than 150 years in the US. It has 
many uses: from pacemaker cases for 
the human heart to commemorative 
coins, jet engines, and rocket parts. 
Niobium-based magnets are 
used in MRI machines for 
medical imaging. 


Artist's representation of 

the Apollo 15 Command/ N GY 
Service Module : 
(CSM) spacecraft e 


This expansion 
nozzle was made 
of a niobium alloy. 


Ruthenium 


This transition metal is extracted 

from the minerals pentlandite and 

pyroxenite. Ruthenium is often combined 
with platinum to harden electrical components. 
The element can also help speed up the industrial 
production of ammonia, a key ingredient 
in fertilizers. 


Bright, 
silvery metal 


Pure ruthenium refined 
in a laboratory 


Niobium is often mixed 
with other metals for 
specialized applications. 
Niobium was used in making 
parts of the Apollo 15 Command/ 
Service Module spacecraft. The 
Apollo 15 mission was the fourth 
one to land humans on the Moon. 


Technetium 


Originally thought not 

to occur in nature, it 

was later discovered 
that tiny amounts of technetium 
do exist as the result of the 
natural radioactive decay of 
uranium. In such small 
quantities, it was not easy to 
find the element. Mendeleev 
predicted its existence as 
a missing element on his 
original periodic table. There 
followed many false claims of 
discovery, before technetium 
was finally confirmed in 1937. 
Today, it is used mainly in 
medical imaging. 


Rods of pure 
niobium refined 
in a laboratory 


Space 
exploration 


Rhodium 


In industry, this rare and 

hard metal is mainly 

obtained as a byproduct f 
during the refining of nickel and 4 
copper. One of rhodium's main / 
applications is in making catalytic 
converters—devices that convert 


harmful exhaust gases into less u 


dangerous ones—for cars. It is also 
used in many alloys to increase 


their resistance to corrosion. Pure rhadium 


pellet refined in 


Rhodium-coated mirror makes a laboratory 


the reflection of an object 
precise and sharp. 


Special mirrors 
Rhodium's ability to be polished to a 
bright shine allows it to be used in 
industrial and specialized mirrors. 
For example, the mouth mirrors 
sed by dentists often 
contain rhodium. 


| A. Palladium 


| 46 Among the precious metals, palladium is far 
TM rarer than silver or gold. It is used extensively 
Pure palladium bar in jewelry, particularly in “white gold" where 
refined in a laboratory gold is mixed with other silver-colored metals. A 


Steel-gray curious property of palladium is its ability to soak up 
mineral x 

hydrogen gas: at room temperature, it can absorb up to 
900 times its own volume of hydrogen. In the future, 
therefore, this metal could be used to store 
hydrogen for fuel. 


Catalytic converter 
Palladium is often used to coat the insides of 

catalytic converters for cars. Harmful gases such 

as carbon monoxide, some hydrocarbons, and various 


Braggite oxides go through the catalytic converter, react with 
Although palladium is found pure in nature, it also appears the palladium coating, and are converted to carbon 
in some rare minerals, such as braggite. Discovered in 1932, dioxide, water, and nitrogen. These are then released 
this mineral also contains platinum, nickel, and sulfur. into the air through the car's exhaust systems. 


Silver 


47 This precious metal 


Crystal-like 
structure 


g has been used for ipo elias 
centuries, both as a 
form of currency and to craft 
jewelry. As the compound silver : 
nitrate, it has been used as an antibiotic and Chlorargyrite 


One of the main ores of 


a disinfectant. Some silver compounds, such silver, chlorargyrite is 
as silver bromide, are light-sensitive; they chiefly composed of 
change color when exposed to light. This Hic compound! silver 
chloride. It is colorless 
property made the development of black-and- until it is exposed to 
white photography possible. light, when it turns 


brown and purple. 


Using silver 

Due to its shiny appearance, silver has 
been used in jewelry and in decorative 
items, from candlesticks to utensils. 
One drawback of silver is that when 
exposed to air, it tarnishes easily to 
produce black-colored silver sulfide. 
As a result, decorative items that contain 
silver need to be cleaned regularly. 


Cadmium 


48 This element was discovered in 1817 
C in a mineral called calamine. In its pure 
form, the soft metal is silvery with 
a bluish tinge. Once a common ingredient in a 
variety of products, such as paint, cadmium is 
now known to be toxic and is used less and less. 


Ultraviolet (UV) light 
in this microscope 


High-intensity lasers 


Hafnium 


72 Dmitri Mendeleev's prediction in 1869 of 
H the existence of "element 72" encouraged 
Dutch physicist Dirk Coster and 

Hungarian radiologist Georg Karl von Hevesy to 
study zirconium ores. They discovered hafnium 
in 1923, and named it after Hafnia—the Latin 
name for Denmark's capital Copenhagen—the 
city where it was discovered. 


Pure hafnium is resistant 
to corrosion in air. 


Laboratory sample 
of pure hafnium 
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This brittle mineral 


is produced by a Pure cadmium pellet 
cadmium laser. refined in a laboratory 


b 


is easily chipped. 


Smithsonite 

Named after the English 
chemist James Smithson, this 
mineral was first identified 

in 1802. Smithsonite mainly 
contains white zinc carbonate, 
but cadmium impurities give 
it a bright yellow color. 


Powerful optical microscopes use cadmium lasers 
to study tiny specimens, such as microscopic 
organisms. The data collected by these lasers can 
then be pieced together to create 3-D images of the 
specimens, so scientists can study them further. 


Tantalum shell ; j 
is flexible and p 
lightweight. b 
Walking easy 
Tantalum body implants are 
more porous than titanium, 
which helps them flex like 
natural bones. This encourages 
bone growth, which keeps the 


implants firmly in place. Its 
ability to mimic the elasticity of 
bones has made tantalum an 
excellent choice for patients who 
need an artificial joint. 


Ta nta lu m Artificial hip implant 


73 A hard metal that does not corrode easily, 
Ta tantalum is combined with softer metals 
to make them stronger. Capacitors— 
devices used to store electric charge—in gadgets 
such as cell phones are often made of tantalum 
powder. The metal is also widely used to make 
high-quality artificial joints. 


Rods of pure tantalum 
refined in a laboratory 


Drill bit strengthened with 
the alloy tungsten carbide 


This mineral is 
the main ore 
of tungsten. 


Wolframite 


Tungsten 


Heavy and dense, tungsten has the 
highest melting point of any metal. 
Compared to gold, which melts at 
1,947.2°F (1,064°C), tungsten turns to liquid 
at 6,177.2°F (3,414°C). Its resistance to heat is 
useful in making light bulb filaments, although 
they are not very energy-efficient. 


Rhenium 


Named after the Rhine 

River in Germany, this 

element was discovered 
in 1925. It has the second highest 
melting point of all metals. Rhenium's 
ability to withstand high heat has made 
it very effective in superalloys used 
in oven filaments, X-ray machines, 
and jet aircraft turbine blades. 


Ld 


^ 


» 
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Pure rhenium 
pellet refined in 
a laboratory 


Turbo engine 
The Rolls-Royce 
Trent XWB is 

a turbofan jet 
engine used on 

the Airbus A350 
XWB aeroplane. 

Its inner blades, 
which are made 

of a superalloy that 
includes rhenium, can 
withstand extremely 
high temperatures. 


œ | Iridium 


Fountain 
pen 


¥ Osmium 
The pure form of osmium turns 
into a poisonous oxide when it 
reacts with oxygen in the air. 

For safe use, it is combined with other 

elements. From fingerprint powder 

used in forensic laboratories to nibs 

for fountain pens, osmium alloys 

have many specialized uses. 


The nib of this 
fountain pen 

is made of 

an osmium 
alloy, making it 
hard-wearing. 


This sand is 

a natural alloy 
of osmium 
and iridium. 


Osmiridium sand 


In nature, iridium is found in sediments 
deposited by rivers. A thin layer of 
iridium is also present in Earth's crust. 
Some scientists believe that the same meteorite 
that triggered the death of the dinosaurs 
66 million years ago distributed this layer 
of iridium across Earth with its impact. 


Powerful 
telescope 

NASA's Chandra X-ray 
Observatory, an Earth-orbiting 
telescope that studies X-rays 
from distant stars, has eight 
iridium-coated glass mirrors. 
The coating helps catch and 
bounce the X-rays toward the 
telescope's scientific instruments 
that study the rays and gather data. 


Artist's impression 
of Chandra X-ray 
observatory 
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This silver- 
colored 
metal can 
be polished 
to a bright 
white finish. 


Nugget of pure 
platinum refined 
in a laboratory 


Platinum 


A natural choice for making jewelry, this 
precious metal is quite rare in Earth's 
crust, which makes it expensive. It also 
plays an important role in industry as a catalyst; 
for example, in the production of nitric acid, 
which is used in making fertilizers. 


Jewelry 

As a beautiful, durable, and lustrous white 
metal, platinum has been sought after for 
making jewelry for centuries. The metal 
stays shiny for a long time because it has 
has a high resistance to corrosion. 


Platinum ring 


Mercury 


This fascinating element was 
in use nearly 30,000 years ago, 
when ancient humans melted 
its mineral ore cinnabar into a red 
pigment to make cave paintings. It 
is the only metal that is liquid at room 
temperature, and was often known 
as “quicksilver” because of the 
way it flows. 


u. 


Dense, silver- 
white liquid at 
room temperature 


Rutherfordium 


An artificial element, rutherfordium is 

made by bombarding californium atoms 

with carbon atoms. It was first created 
in the late 1960s, but it took until 1992 for it to 
be confirmed and named. Only a few atoms have 
ever been produced, and this element has no 
known applications outside of research. 


M 


Naming rutherfordium // 
Element number 104 is named 
in honor of the New Zealand 
chemist Ernest Rutherford. 
He was one of the first scientists 
to conduct experiments that 
helped explain the structure 
of the atom. His "Gold 
Foil Experiment" determined 
that the atom had a 
dense nucleus. 
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Cinnabar 
As the main ore of mercury, 
cinnabar has been used for 
thousands of years. In 16th- 
century China, for example, 
craftsmen painted small 
wooden jewelry boxes with 
the bright red pigment 
extracted from cinnabar. 
This mineral was also once 
crushed into a powdered form 
for use as a cosmetic. Over the 
centuries, its use has declined 
due to mercury's toxicity. 


Striking, Cinnabar 


deep-red 
mineral Mercury thermometer 
Polish-born Dutch physicist Daniel 
Gabriel Fahrenheit invented the mercury 
thermometer in 1714. His name is 
given to the Fahrenheit temperature 
scale that is used in the US. In a 
mercury thermometer, the mercury 
expands and rises up the narrow tube 
as the temperature increases. Because 
of concerns over the toxicity of mercury, 
these thermometers are being gradually 
replaced by safe, digital versions. 


Gold 


The chemical symbol for this 

element comes from the Latin 

word aurum, meaning “gold.” 
This metal is found in its pure form, 
and has been used in jewelry and 
decoration for nearly 4,000 years. 
Alchemists—the forerunners of 
modern chemists—sought to convert 
relatively common metals such as 
lead into precious ones like gold. 


Gold vein 


Gold in quartz 
/ In some rivers, gold erodes 
and breaks up into flakes. 
Eventually, these tiny flakes 
transfer to a hard mineral 
called quartz, and build up 
to produce large veins of 
the shiny gold metal. 


Gold used as a 
reflective screen 


Reflecting heat 
The Sun's heat can be 
dangerous to equipment 
or astronauts in space. 
As a safety measure, an 
astronaut wears a helmet 
with a visor covered with 
a thin layer of gold. 
This protective coating 
reflects the Sun's intense, 
harmful rays away from 
the astronaut's face and 
prevents overheating. 


Flakes of pure 
gold refined in 
a laboratory 


Coins of gold 
Pure gold, and alloys that include 
gold, have been used in coins since 
ancient times. Its shiny appearance, 
high value-to-weight ratio, and 
ability to resist corrosion made it a 
popular choice for use as money. 


Coin issued by King 
Philip Il of Macedonia 
(359-336 Bce) 


The gold covering the Golden 
Temple in Amritsar, India, 

is not only decorative, it 

also resists corrosion. 


Decorating with gold 
Gold does not tarnish over time 
and as such has been used in buildings 
by architects since ancient times as 


plating are common forms of decorations. 
The metal can even be used in flake 
and dust form to decorate food for 
consumption in some parts of the 
world, such as India. 


Dubnium 


Named after Dubna, the Russian town 

where it was first made, element 

number 105 is radioactive. Dubnium 
is an artificial element and currently has no 
uses beyond scientific research. 


Controversial 
discovery 

Two teams of scientists, 
one from Russia and 

the other from the US, 
claimed to have made 
dubnium at different times. 
» The team in Russia was 
led by Georgy Flerov in 
1968, and the American 
team was led by Albert 
Ghiorso in 1970. It wasn't 
until 1993 that the Russian 
team was credited with the 
discovery, and dubnium 
was officially named. 


Albert Ghiorso (right) with 
James Harris, a fellow scientist 


Bohrium 


Like many other artificial elements, bohrium is used only 

in scientific research. It was discovered in 1981 by a team 

of German scientists firing chromium atoms at those of 
bismuth to make one atom of bohrium. This element was named 


after the Danish physicist Niels Bohr in 1997. 


Niels Bohr in his laboratory 


34 


Seaborgium 


Only a few atoms of this artificial 

element have ever been made. They 

were first created in 1974 at the 
Lawrence Berkeley National Laboratory, California, 
by making californium atoms collide with oxygen 
atoms. Seaborgium is currently used only in 
scientific research. 


Naming seaborgium 
American chemist Glenn 
T. Seaborg worked with 
various teams during his 
career, creating many 
artificial elements. At the 
time, it was unusual to 
name an element after 

a living person, but he 
was honored in this 

way in 1993, before 

his death in 1999. 


Cartoon of Seaborg 
at a blackboard 


Hassium 


This element was 

named after the 

German state of 
Hesse, which is home to 
the Center for Heavy lon 
Research—the institution 
where hassium was made 
in 1984. To create hassium, 
a team of scientists, led by 
the German physicist Peter 
Armbruster, crashed lead 


Niels Bohr 

The Danish physicist 
Niels Bohr is best 
known for his 
pioneering work on 
the structure of the 
atom and his insight 
into atomic theory. His 
famous "Bohr model” 
of the atom earned 
him the Nobel Prize 
in Physics in 1922. 


and iron atoms together. Like 
all of the super-heavy artificial 
elements, hassium's atoms 
are radioactive, meaning that 
they quickly decay to form 
other elements. 


Meitnerium 


Named in honor of the Austrian physicist 
Lise Meitner, meitnerium was first 
created in Germany in 1982, when 
atoms of bismuth and iron were smashed into one 
another. This radioactive element has no known 
uses outside research. 


Meitner and Hahn 
The German chemist 
Otto Hahn alone won 

the Nobel Prize for 
Chemistry in 1944 
for the work he and 

Meitner did together on 

nuclear fission. Meitner, 

meanwhile, went on to 
have the honor of this 
new element being 
named for her, 24 years i 
after her death. = 


NO allia 
Otto Hahn (left) and Lise Meitner 


Roentgenium 


Because this element is placed directly 
below gold on the periodic table, some 
scientists believe it is likely to share 
some of gold's characteristics. It was first 
made in 1994 by smashing together nickel and 
bismuth atoms. Roentgenium has no current 
applications other than in scientific research. 


Wilhelm Róntgen 
Roentgenium is named 
in honor of the German 
physicist Wilhelm Conrad 
Róntgen, the discoverer 
of X-rays. 


Darmstadtium 


First created in 1994 in the German 

city of Darmstadt, darmstadtium 

was later named after this city. 
Only a few atoms of this 
highly radioactive 
element have ever 
been made. because 
they break apart 
quickly, little is known 
about this element. 


Sigurd Hofmann 
A team led by the German 
physicist Sigurd Hofmann 
first created darmstadtium by 
smashing nickel and lead atoms 
into one another. Hofmann 
also worked on the creation 
of other artificial elements, 
such as roentgenium 
and copernicium. 


Copernicium 


A highly radioactive element, 
copernicium was first made 
in 1996 when atoms 
of zinc were made to collide 
with lead atoms. Some 
scientists think it is 
unreactive, like a noble 
gas, but only a few of its 
atoms have ever been 
produced, so there is 
no research to back 
up that theory. 


Paying homage 
Copernicium was named 
after the 16th-century 

Polish astronomer 

Nicolaus Copernicus, who 

came up with the theory 
that Earth moves around 
the Sun. This is a statue of 
him in front of Olsztyn 
Castle, where he lived. 


The lanthanide 
series—the 
collective name 
for elements 
57-70—is 
named after 
lanthanum, the 
first element 

in this series. 
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Lanthanides 


Once known as the “rare earths,” the 
lanthanides are in fact not rare at all. 
The chemistry of many of the lanthanide 
elements is similar in many cases, and, 
as a result, they have proven difficult to 
separate from one another. Indeed, in 
Greek, lanthano means “hidden.” They 
have a wide range of applications. 


Neodymium 


This lanthanide was discovered by the 


Lanthanum 
Swedish chemist Carl Gustav Mosander in 


La 1839. One of its compounds—lanthanum 


oxide—is added to the glass in some camera 
lenses to improve image quality. Scientists can 
determine the age of ancient rocks by comparing 
the relative amounts of 
lanthanum and one of its 
decay products, barium, 
in the rocks. 


Bastnasite , 
This mineral is a mixture 
of three metals: yttrium, 
cerium, and lanthanum, 
combined with carbon, 
oxygen, and fluorine. 
Bastnasite is used 
as a source of 
each of those 
elements, which 
are extracted 
from the ore in a 
complex process. 


Promethium 


Nd In 1885, the Austrian This silvery- Pm Because of its radioactivity, 
chemist Carl Auer von white metal promethium is not typically 
Welsbach extracted this en found in naturally occurring 
element from didymium, a mixture minerals. Any promethium in nature 
of neodymium and praseodymium. would have decayed over time but this 
It is one of the components used lanthanide can be made artificially. 

to create lasers that aid in Laboratory Small amounts of it are used in special 
eye surgery. sample of pure batteries, which have a wide range 

neodymium 


Magnets made from an alloy of 
neodymium, iron, and boron 


Powerful magnets 
Neodymium is likely to be 
present in most powerful 


The paper clips | 

are attracted to the... 7 
magnets through 1 

the hand. / |* | 


and boron. Strong magnets 


magnets when mixed with iron 


many industrial applications. 


of uses, from heart pacemakers to 
military missiles. 


Promethium- 


rich paint Paints 


Mixed with zinc sulfide, 
promethium is added 
to paint to give a 
green-blue glow. 
The manufacture 
of “glow-in-the-dark” 
watch dials using 
promethium was 
once popular, but this 
application has been 
largely phased out. 


have 
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Samarium 


Cerium 


2x9» In 1803, cerium 
| | was discovered 
and named 
after Ceres, which is 
now known to be a 
dwarf planet. Cerium 
is found in a number 
of naturally occurring 
minerals, such as cerite, 
a mineral composed 
mainly of cerium 
silicate. A compound 
called cerium oxide 
is used in catalytic 
converters (devices that 
convert harmful exhaust 
gases into less harmful 
ones) in cars. 


Laboratory sample 
of pure cerium 


OM This element was named after the 


S mineral samarskite, from which it was 
first extracted. Some early, specialized 
magnets were made of samarium mixed 
with cobalt. These magnets were useful 
because they continued to be magnetic even 
at high temperatures. 


Laboratory samples 
of pure samarium 


Praseodymium 


A part of praseodymium's name comes 
from the Greek word prasios, meaning 

s 9» “green.” It was named so because of the 
green color of the oxide it forms on reaction with 
air. When mixed with magnesium, 
praseodymium makes a 
strong alloy that is used 
in aircraft engines. 
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Laboratory sample of 
pure praseodymium 


These glasses 
from the 
1920s contain 
praseodymium 
that makes 
them green. 


A filter for protective glasses 
Praseodymium is used to give a colored 
tint to the safety glasses used by welders 
and glassblowers. The tinted goggles filter 
out the potentially damaging ultraviolet 
radiation, protecting the wearer's eyes. 


Europium 


Discovered in 1901 by the French 
chemist Eugéne-Anatole Demarcay, 

x 9» europium's best known application is 
in the inks that are used to print bank notes. 
Printed with this ink, a genuine Euro note glows 
red under ultraviolet light. This helps banks 
detect forged currency. 


Laboratory sample of pure europium 


Gadolinium 


Named after the Finnish 

chemist Johan Gadolin, 

gadolinium can be mixed 
with some other elements to make 
magnets. It can also help iron 
alloys resist high temperatures. 


Laboratory sample 
of pure gadolinium 


Soft, 
silvery metal 


Gadolinium MRI scan 
of a healthy human 
brain and eyes 


Gadolinite 
This ore 
contains tiny 
amounts of 
gadolinium, and 
forms black or dark 
brown crystals. Other 
elements in it include 
lanthanum, cerium, 
neodymium, and yttrium. 


Clear images 

Gadolinium is used in MRI (magnetic 
resonance imaging) scans as a 
contrasting agent to help improve the 
quality of the images of internal body 
structures. However, the element is 
toxic, so must be used with care. 


Dysprosium 


The Greek word 

dysprosistos, for which 

dysprosium is named, 
means "hard to get at.” Like other 
lanthanides, this element occurs in 
nature combined with other members 
of its group, and is difficult to extract. 
Despite its discovery in 1886, 
dysprosium was not isolated until 
the 1950s. Rarely used in its pure 
form, it is mainly used in alloys. 


Generating energy 
Dysprosium's main commercial use 
today is as an alloy with neodymium, 
praseodymium, and terbium in 
making powerful magnets. Strong 
and lightweight, these magnets 
help run many wind turbines. 


Wind turbines CN 


Dun Law Windfarm, | 
Scotland A 


Terbium 


Discovered in 1843 by 
the Swedish chemist 
Carl Mosander, 
terbium is one of four elements 
named after the tiny Swedish 
village of Ytterby—the other 
elements are erbium, yttrium, 
and ytterbium. Because of the 
similarity in their names and 
properties, scientists confused 
the elements terbium and 
erbium in the 19th century, 
calling each by the name of 
the other. Apart from being 
used in mercury lamps and 
low-energy light bulbs, terbium 
can also produce green 
phosphors—compounds 

that are still used to light 

up color televisions. 


Holmium 


This element is a 

malleable, silvery 

white metal. Apart 
from being used in alloys for 
making magnets, holmium 
is also used in some medical 
lasers, especially ones that 
break up kidney stones. 


The red color in 

this zirconia 
gemstone comes 
from holmium oxide. 


Rich color 

Holmium impurities can give a red or 
yellow color to a zirconia gemstone. 
The compound holmium oxide can 
also be used to color glass. 


Erbium 


SUA This silvery metal is used in 
the form of its compound 
erbium oxide to add 
a pink color to glassware, 
ceramic glazes, and 
imitation gemstones. It is 
also alloyed with metals, 
such as vanadium, to 
make them softer and 
easier to shape. 
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Laboratory 
sample of 
pure erbium 


These safety goggles 
contain erbium. 


Protective goggles 
Erbium oxide is added to glass 
used in protective goggles worn 
by welders and glassblowers. 
This glass absorbs the 
ultraviolet radiation that 

can damage our eyes. 


Ytterbium 


4 
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are also used in lasers. 


Laboratory sample 
of pure ytterbium 


Standardizing time 
Inside this highly sensitive 
optical clock, ytterbium 
atoms oscillate in response 
to the light of a laser beam. 
Counting these oscillations 
helps keep time accurately. 


Optical clock, National Physical 
Laboratory, Teddington, UK 


This soft metal reacts with air to form a layer of oxide f 
compound on its surface. A small amount of ytterbium 
! is sometimes used to strengthen steel. Its compounds k 


| Thulium 


Ah Pure thulium has a bright, silvery luster, 
Tm which tarnishes on exposure to air. This 
x 9 element can be used to produce X-rays 
for portable machines commonly found in 
dentists’ offices. 


This metal is 
soft enough to 
cut with a knife. 


Laboratory 
sample of 
pure thulium 


Lutetiu 


"Y 


m 


Like most other 
| lanthanides, lutetium's 
» principal ore is also 
monazite. This element is a 
hard, silver-colored metal 
with a high density. Lutetium 
is rare and hard to extract. 

As a result, it is expensive and 
its commercial uses are limited. 
Lutetium compounds are 

used as catalysts in chemical 
reactions in the petrochemical 
industry. One of lutetium's 
radioactive isotopes—lutetium 
177—is used in cancer therapy. 
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Thorium 


Mn Fe Co Ni Cu Zn Ga B8 As A relatively common element, thorium 
Rë sr Te Ru Rh Pd Ag Cd In BA Sb x appears in many naturally occurring 
fs sa Os Ir Pt Au Hg TU BB [Bi Po At An 


The elements minerals. Special glass with thorium 


with atomic Re: f oa 
Br dioxide was once used to make high-efficiency 
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to 103 are camera lenses, but the thorium made them 
radioactive. Research into using thorium as 
a nuclear fuel is ongoing. 


the actinides. 


Actinides 


Brownish 
red mineral 


The elements in this series are 
fiercely radioactive metals. Most 

of them are either present only as 
decayed radioactive products, or 
have to be artificially created. All the 
elements after uranium are called 
“transuranium’ elements, and most 
of them are used mainly in research. 


Monazite 

The chief ore of thorium, 
monazite also contains 
varying amounts of 

the elements cerium, 
lanthanum, gadolinium, 
and neodymium. 
Depending on the exact 
composition, monazite 
varies in color from yellow 
to brownish red. 


Actinium 


crystals under A radioactive element present 
visible light . , : : ] : 
in Earth's crust in tiny amounts, These vials for intravenous 

actinium is produced in the agii ac rest 
laboratory by firing neutrons at radium 
atoms. One of actinium's isotopes— 
actinium-225—is used in cancer 
treatment, emitting particles that 
attack cancer cells. 


Autunite 
Actinium can be found in autunite, 
a mineral that contains uranium. 


" The uranium in the rock Radioactive cures 
Zu‘ & undergoes natural During the early 20th century, radiation was 
TM radioactive decay, considered by some as a cure-all for many 

and in the process, diseases and health problems. Intravenous 
it produces actinium injections for various illnesses contained 
atoms in small radioactive elements, including actinium. As 
quantities. Autunite's radioactive elements and radioactivity became 
crystals glow bright better understood, it was finally realized that 
green under there were terrible health consequences 


ultraviolet light. associated with such treatments. 


Protactinium 


The name protactinium comes 
from the Greek word protos— 
: P meaning “first"—coupled 
with actinium. It refers to the fact that 
protactinium is formed before actinium, 
in a radioactive decay sequence that 
starts with uranium. A form of 
protactinium is used by scientists 

to calculate the age of ocean sands. 


^ *w William Crookes 
A. In 1900, the English chemist William 


Crookes isolated protactinium from 
uranium, calling it uranium-X. He is 
also famous for the discovery of the 
element thallium in 1861, and for 
inventing the Crookes tube, an 
instrument that helped in 
the discovery of X-rays. 


Many scientists believed that the periodic 
table ended with uranium. The discovery 
ES of neptunium in 1940 was an important 
one, as it was the first element after uranium to 
be artificially created. Its discovery opened up a 
new world of transuranium elements. American 
scientists Edwin McMillan and 
Glenn T. Seaborg were 
awarded the 1951 
Nobel Prize in 
Chemistry for 
this work. 


Uraninite 

A naturally occurring 
mineral, uraninite 
was originally known 
as pitchblende. It is 
composed chiefly of 
uranium compounds, 
but also contains 
small amounts of 
some other elements, 
including neptunium. 


f g 
Torbernite zi 
This mineral contains L 

copper and uranium. © 

The uranium present 
decays, eventually 

releasing protactinium in 
small quantities. The vivid 
green crystals are popular 
with mineral collectors, but 
they can release radioactive 
radon gas, which is a major 


Brittle, 
shiny ore 
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health hazard. 


Americium 
Another artificially produced radioactive 
actinide, americium was first synthesized 
Gee inthe US in 1944. This 

element is only produced in 
nuclear reactors. It also emits 
rays that can be used to 
monitor the thickness of 
metal sheets in industry. 


The sensor in this smoke 
detector contains tiny amounts 
of radioactive americium. 


Detecting smoke 
Americium’s main commercial use 
is in smoke alarms. It creates 
an electrical current inside 
a smoke detector and 

if smoke interferes with 

the current, an alarm 
sounds. When the smoke 
clears and the current Y 
is reestablished, the N 
alarm turns off. ‘ 


Mining uranium 

The Ranger uranium mine in the Northern Territory of 
Australia (above) is one of the world’s largest sources 
of uranium. This element is widely available in ores— 
including uraninite and carnotite—in Earth's crust. 
Once extracted from the ground, the ore undergoes 
a complex process of chemical reactions that turn 

it into uranium oxide. This compound is turned into 
a fuel used in nuclear reactors. 


Mushroom cloud 

Since World War Il, scientists have been able to 
harness uranium to create nuclear bombs. This 
process, called fission, occurs when a neutron 
in a particular form (isotope) of uranium strikes 
the atom's nucleus, splitting it to release an 
enormous amount of energy. This chain reaction 
becomes self-sustaining as neutrons created 
by that first split atom strike more nuclei. The 
resulting, often deadly, atomic explosion looks 
like a massive mushroom cloud. 


Uranium 


This silvery gray element changed the 
course of history. Its impact on the world, 
both in terms of its use as a nuclear fuel 
and in nuclear weapons, has been enormous. The 
discovery of radioactivity by the Nobel Prize-winning 
French physicist Henri Becquerel, through his study 
of uranium, opened the door to the nuclear age. 


This glaze 
contains up to 
14 percent 
uranium. 


Radioactive red 
Fiestaware was a range of 
ceramics that were popular in the 
1930s. The red glazes that were 
applied to the plates, cups, and 
saucers, included a significant 
amount of uranium oxide, which 
made them radioactive. The glaze 
was eventually discontinued. 


This mushroom cloud 
was created in 1953 
after an atomic bomb 
explosion at a test site 
in Nevada. 


Plutonium 


Much like uranium, 
plutonium is used as a 
nuclear fuel—its most | 
common application. Named after 
the dwarf planet Pluto, very little 

of this element exists in nature, 

so it has to be made artificially. It 
was discovered in 1940 in Berkeley, 
California, but its discovery was kept 
a secret until 1946 because the 
Americans were concerned about 
national security, and plutonium's 
use in a nuclear weapon. 


Glowing piece of plutonium 
oxide, the plutonium compound 
used as a nuclear fuel 


Codename: Fat Man 
Nuclear weapons were 
dropped by the US on 
Japan toward the end 
of World War Il. The 
plutonium-based "Fat 
Man” atomic bomb was 
dropped on the city of 
Nagasaki in August 
1945, just a few days 
after a uranium-based bomb 
was dropped on Hiroshima. 
The devastating nuclear fission reaction 
that took place in Nagasaki involved 
plutonium atoms splitting apart to 
release huge amounts of energy. 


Yu, 


Replica of the “Fat Man 
bomb, US Air Force 
Museum and National 
Aviation Hall of 
Fame, Ohio. 


Artist's representation 
of the New Horizons 
spacecraft passing Pluto 


Far from Earth 

Launched in 2006 to study 

the dwarf planet Pluto, the 

New Horizons spacecraft carried 
about 24 lb (10.9 kg) of radioactive 
plutonium—enough fuel to keep its 
instruments running for 10 years. 
New Horizons made its closest 
approach to Pluto in July 2015. 


Curium Californium 


This radioactive element was named in Named after the state of California, 
honor of the Polish-born chemist Marie californium was discovered in 1950 


Curie and her French husband, Pierre. by the American scientists Stanley 


Curium was discovered by the American chemist Thompson, Kenneth Street Jr., Albert Ghiorso, 
Glenn T. Seaborg at the University of California, and Glenn T. Seaborg. This radioactive element 
Berkeley, in 1944. He produced this element in is used in the treatment of cancer. It is also 

a cyclotron, a machine that smashes atoms employed in portable metal detectors. 


into one another. 


Artificial creation 
These pellets of californium 
were refined in a laboratory. 

The element is not found 

in nature and is created 
artificially by smashing atoms 
of berkelium with neutrons. 


Pellets of 
Marie Curie conducting an experiment in her laboratory. radioactive californium 


Berkelium Einsteinium 


This radioactive, silvery- Discovered in 1952, this silvery metallic element was 
Bk. white metal was named Es named after the German-born physicist Albert Einstein. 

after the city of Berkeley It was one of the two elements (along with fermium) to 
in California, where it was first be identified while studying the remains of the "Ivy Mike" test— 
made. In 1949, its discovery was the first hydrogen bomb explosion. 


led by a team of three American 
researchers—Glenn T. Seaborg, 
Stanley Thompson, and Albert 
Ghiorso. This element is so rare 
that it has no commercial or 
technological use today. In fact, 
only one gram of this soft 
lement has been synthesized 

in the US since 1967. 


Professor Albert Einstein 
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Fermium 


The element fermium was named after 
the Italian physicist Enrico Fermi, the 
creator of the world's first nuclear 


reactor. Fermium is an artificial element useful 
only in scientific research. 


“Ivy Mike” test 

The first successful test of a hydrogen bomb in the Pacific Ocean 
in 1952 generated tiny amounts of fermium. This bomb was 1,000 
times more powerful than regular nuclear bombs of the time. 


Mendelevium 


In 1955, anew element was produced by 
Md smashing together atoms of einsteinium 

and helium in a cyclotron at Berkeley 
in California. This radioactive element was named 
after Dmitri Mendeleev, the creator of the 


modern periodic table. Mendelevium is used 
only in scientific research. 


Russian chemist and 
inventor Dmitri Mendeleev 


Nobelium 


American scientists Albert Ghiorso and 
No John R Walton and Norwegian Torbjern 

Sikkeland are credited with the 
discovery of this element. They created nobelium 
by making atoms of curium smash into carbon 
atoms in a cyclotron. It was named after the 
Swedish chemist and 
engineer, Alfred Nobel. «a 
Nobelium has P d 
no uses other y 
than scientific — / 
research. | 


ALFR: 


NOBEL 
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» 


The Nobel Prize 
medal has Swedish 
inventor Alfred 
Nobel's face 
embossed on it. 


Lawrencium 


Like many other artificially created 
ir elements, lawrencium is used only in 

scientific research. The American 
nuclear physicist Albert Ghiorso discovered 
lawrencium at the Lawrence Berkeley 
National Laboratory, California, by firing boron 
atoms at californium atoms in a 
cyclotron. This element was 
named in honor of Ernest 
Lawrence, inventor of 
the cyclotron. 


American 
physicist Ernest 
Lawrence with 
a cyclotron 
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sme Except for the semimetal boron, all of the 
awaa elements in this group are metals. Aluminum is 
44 abundant in Earth's crust, but hard to extract. Pure 
gallium is shiny and soft enough to melt at room 
een temperature. Indium forms compounds that are 
essential in many modern electronics, while 
thallium is a deadly poison. Scientists know 
UM cer. | little about nihonium—the only artificial 
element in this group. 
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Pellets of pure - 


aluminum refined 


in a laboratory Alu m | n u m 


23» This element is the most abundant metal in Earth's 
AL crust, and the third most abundant among all elements, 
=» after oxygen and silicon. A light and strong metal, 
aluminum has a huge number of applications in industry 
and construction, particularly in building aircraft. 


Brilliant blue 
Made chiefly of the compound 
aluminum oxide, corundum is 
a naturally occurring crystal- 
like mineral. The presence of 
other elements in its crystals 
gives corundum many vivid 
colors, and some are used 
as gemstones. Chromium 
impurities give red rubies, 
while traces of iron and 
titanium produce 
blue sapphires. 


Blue sapphire 


Greenish-blue 
surface is soft and 
scratches easily. 


Variscite 
Many aluminum ores occur naturally. Variscite is 
formed when water rich in phosphates— naturally 
occurring compounds of phosphorus—reacts 
with aluminum-rich rocks. A striking green-blue 
colored mineral, variscite is sometimes mistaken 
for another gemstone, turquoise. 


Boron 


In nature, boron is 
essential in small 
quantities for healthy 
plant growth. Some boron 
compounds are a natural 
antiseptic, used to heal minor 
wounds. This hard semimetal 
is used in industry to make 

a type of heat-resistant glass 
called borosilicate. Boron 

is also added to fiberglass 

to strengthen it. 


Dark, slightly 
shiny metal 


Laboratory sample 
of pure boron 


. Keeping food fresh 
In As a metal, aluminum is 
malleable, meaning that it 

can be fashioned into very 
thin foil-like sheets. This foil 

is used in the packaging of food 

and medicines. With a thickness 

of just fractions of a millimeter, it 

provides a complete barrier to light, 

oxygen, moisture, and bacteria. 

Heat-resistant foil 


Recycling 

Despite aluminum 
being the most widely 
available metal on 
Earth, extracting it is 
an expensive process. 
This is mainly due to 
the large amounts of 
electricity used to extract the metal from 
aluminum oxide, which has a high melting 
point. Recycling the metal is important for 
industry because reusing aluminum is 

90 percent more energy-efficient than 
making new aluminum. One popular 

way to recycle the metal is by making 
soda cans, which are the world’s 

most recycled container. 


Aluminum fuselage 
is light-weight, so 
the plane uses less 
fuel to fly. 


An average soda can 
contains about 70 percent 
recycled aluminum. 


Bright color 
comes from food 
coloring additives 


Ooey-gooey slime 
Borax—a compound of boron, 
oxygen, and sodium—is 
a popular household 
cleaning chemical. It can 
also be used to make 
slime, or flubber—a 
rubbery play material 
that flows through 
fingers like a thick 
fluid but behaves like a 
solid when squeezed. 


Transmitting electricity 
Aluminum is an excellent conductor of 
electricity, so it is an ideal metal for use 

in power cables. The light weight of the 
aluminum cables means that fewer pylons 
are required to support them, reducing 
the cost of construction and shortening the 
time it takes to build networks of cables. 


Flying metal 

Light, strong, and resistant to corrosion, 
aluminum is ideal for use in the manufacture 
of aircraft. A modern plane can contain up to 
80 percent aluminum—used in its pure form 
as well as in many high-strength alloys. 


47 


Gallium 

Similar in 

appearance to 
aluminum, gallium is 

a soft, silvery metal. However, 
unlike aluminum, this element 
has a much lower melting point 
of 84.2?F (29°C)—a cube of pure 
gallium will melt in your hand due 
to body heat. Some compounds of 
gallium are useful in semiconductors 
and are common in the electronics industry. 


gy 


Solid piece of pure 
gallium melting 


Needlelike 
crystals 


Rover Zoé is Searching for life 
powered only by Zoé is a rover built by 
its solar panels. , 
researchers at Carnegie 
Mellon University, 
Pennsylvania. Solar panels 
on the rover generate power 
using cells made of gallium 
arsenide. In 2005, this rover 
was used for the first time 
in the dry environment of 
South America's Atacama 
Desert to search for signs 
of microscopic life. This 
exercise allowed scientists 


Diaspore 

Minerals that 
contain gallium are 
rare, but very small 
amounts of it can be 
found in ores such as 
diaspore. Trace amounts 
Diaspore of gallium are present in 

some other ores, including 


sphalerite, germanite, 
and bauxite. 

- to study technologies that 
Rover Zoé in the may be useful in future 


I i} 
Atacama Desert 5 A Be: rovers that explore Mars. 
— 000. Array of colors 
LED chip carrying a à Gallium arsenide is one of the gallium 
galium compouna compounds that can convert electricity to 
light in LEDs (light-emitting diodes). Available 
in a wide range of colors, LEDs are up to 
80 percent more energy-efficient 
than traditional light bulbs and have 
many applications—from lighting 
up homes, to traffic lights, vehicle 
headlights, and brake lights. 
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Indium 


This element is named for the vivid 

indigo color that its atoms emit 

when electricity passes through it. 
Indium is generally found in nature combined 
with a mineral containing zinc or iron. Today, 
it is commonly used to make touchscreens. 
Like tin, it is also known as a metal that 
produces a shrieking noise when bent. 


Extracting indium 
Traces of indium can be 
found in several minerals, 
including sphalerite, quartz, 
and pyrite. However, the 
element is often collected 
as a by-product in 
the production of 
zinc and copper. 


Sphalerite 


Thallıum 


This toxic element's name comes from 
thallos, the Greek word for a “green shoot” 
or “twig’—thallium emits a vibrant green 
color when directly inserted into a flame. Thallium 
was often used as a rodent poison before many 
accidental deaths led to a ban on its use in the 
US in 1972. 


This soft metal is 
kept in a sealed 
glass tube because it 
is highly poisonous. 


Laboratory sample of pure 
thallium in an airless vial 


Pure indium mold 
cast in a laboratory 


Indigo discovery 
Indium salts, which are a type 

of indium compound, produce an 
indigo-blue color when heated 
strongly. German chemist Ferdinand 
Reich, the original discoverer of 
indium, was color-blind, and needed 
his colleague Hieronymus Richter 

to see the indigo line in indium's 
color spectrum. When Richter 
claimed the element's discovery 

for himself, the two men fell out. 


Making touchscreens 

Indium is mainly used to make indium tin oxide, 

a compound present in touchscreens and solar 
panels. With such a huge demand for touchscreens 
in modern electronics—from phones to tablets— 
indium's scarcity is a concern. 


Nihonium 


Named and placed on the periodic table 
in 2016, nihonium is one of the most 
recent additions to the table. It is named 
after Nihon, the Japanese word for “Japan,” the 
country where the element was created. It has 


no known uses. 
Professor Kosuke 
Morita, who led the 


History of discovery team at RIKEN. 


Nihonium was first claimed by Russian 

research scientists, but ultimately a team 
from RIKEN (The Institute of Physical and 
Chemical Research) in Japan were credited 
with the discovery of element number 113. 
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The Carbon Group 


Like its neighbors to the left and right 

on the periodic table, the carbon group is 
another mixed bag of elements. While carbon 
n J is a nonmetal, silicon and germanium are 


The six el ts of th | 1 
mii di semimetals. Tin and lead are common metals 
mie boron group and the that have been used in industry for centuries, 


nitrogen group. 


while flerovium is an artificial element with 
no known applications other than in research. 


Carbon 


Element number six is arguably one of the most 
= important of all of the 118 known elements. All organic, 

living things on Earth contain carbon atoms. Carbon is 
unique because it can form bonds with itself, and as such, it 
produces millions of compounds, including those important 


for life—amino acids, fats, oils, and DNA. From fossil fuels to 
diamonds, plastics, and all living organisms, carbon is everywhere. 


crystalline mineral 

a form of carbon 
Common carbon 
Graphite and diamond are two especially 
common forms of carbon. Their distinctive 
atomic structures mean they have very 
different properties: graphite is the soft 
and slippery "lead" used in pencils, and 
diamonds are ultra-hard precious gemstones 
also used as a cutting tool in industry. 


Glasslike carbon 

This manmade material is called glassy 
carbon. It has a very high resistance to heat, 
and does not easily react with oxygen. 
This means it can be used at high 
temperatures, for example, to 
make metalworking crucibles 
that hold molten metals. 


Fossil bone 
analysis 


Formula One 
Carbon dating ca 
A radioactive form (isotope) of carbon called 
carbon-14 can be used to date ancient materials, 
such as bones. Over time, carbon-14 in an object 
breaks down, or “decays.” By knowing how long 
it takes for half of the radioactive carbon atoms 
to decay (an object's half-life), and studying the 
amount of carbon-14 that remains, scientists 
can calculate the item's age. 


Shiny, Silicon-based 


S | Li CO n brittle body microchip 


The second-most 

abundant element 

in Earth's crust after 
oxygen, silicon forms the basis 
of many rocks. Found all over 
Earth, it is one of the major 
components of sand, in the form 
of its compound silicon dioxide. 
When separated from oxygen, 
silicon is a bluish-gray solid. 


Microchips 

From smartphones to missiles, modern 
machines need microchips to work. 

A microchip, which stores and processes 
information, is constructed from a tiny 
wafer of silicon—a semiconductor that 
controls data-rich electrical signals 
precisely and quickly. 


Laboratory sample 
of pure silicon 


Fossil fuels 
Coal, natural gas, and oil are carbon- 
based fossil fuels—fuels formed in 
Earth's crust from the remains 

of ancient organisms. They 

form the basis of the 
world's energy supply, 
but concerns over 
Plastic Pollution from burning 
box them have led to 


Chimney 
releases 
pollutants 


Plastic 


. the growing use 
Powerful plastic of alternative 
Plastic is an artificial material energy sources. 


made up of long chains of carbon d 
atoms. Chemists can combine other 
elements—such as hydrogen, oxygen, n CUTTELE [AU 

fluorine, or chlorine—with carbon, nan dtt; aT i 

to manufacture different types of 4 : ls 
plastic for a variety of applications. 
Water resistant and relatively cheap, 
plastics are widely used in homes, 


Light and sturdy 


A lightweight, ultra-strong, manmade material called carbon 


Cooling tower releases 
water vapor. 


from toys to toothbrushes. Plastic is fiber is used in the aerospace and automobile industries, where 
also used in construction, packaging, it can replace much heavier materials such as steel. Racing 
and the making of cars. cars made of carbon fiber components are lighter and faster 


than earlier cars. 
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Auguste Rodin's 
bronze sculpture 
"The Thinker,” 
in Stockholm, 
Sweden 


Tın 


| BEER Mined since 


Pale, silvery metal 


3000 BCE, tin 
Be is combined 
with copper to form bronze, a 


strong alloy. Bronze played an Laboratory sample 
important role in the development of of puretin 
many civilizations, allowing people to make Bronze 
weapons, tools, utensils, and statues. Tin is Most modern bronze 
also combined with lead to make solder— Biede FANNE 

: $6.5 roughly 10 percen 
a fusible alloy used to join metals together, tin (the rest is copper). 
especially in electronic devices. More resistant to rust—and 


harder—than iron, bronze has 

been an ideal material for sculptors 
for nearly 5,000 years. Modern 
applications also include propellers 
for ships and strings for guitars. 


Tin toy train from 1900 


Child's play 

The malleability of tin has made it useful in 
making toys over the last two centuries. Tin 
toys were often made with tinplate—a steel 
plate coated with a thin layer of tin. Many 
such toys are now collectible items. 


Germanium | Flerovium 


OM This brittle semimetal was discovered SENE A synthetic element, flerovium was first 
| Ge in 1886 by the German chemist Clemens Fl produced in 1998 when scientists in 
< P Alexander Winkler, and it is named after Wie Russia smashed together 


his home country, Germany. Germanium is plutonium and calcium atoms. 
an important element This highly radioactive element 
in technology, used in was given its official name in 
the production of 2012, and despite it being placed 
high-quality lenses in group 14 of the periodic table, 
for microscopes some scientists thought it 
and cameras. might act more like the 
noble gases in group 18. 


Laboratory-refined 
germanium disc 


Georgy Flyorov L = 


Computer chips Flerovium is named 
Like silicon, germanium is a after the Flerov 
semiconductor, and it is often Laboratory of Nuclear 
combined with silicon to make Reactions in Russia, where 
computer chips. Seen here is a the element was discovered. 
silicon-germanium chip that The laboratory, in turn, is 
allows data to be transferred named after the Russian 
at very high speeds. i physicist Georgy Flyorov. 


Lead 


Like tin, lead and its compounds have been 

used for about 5,000 years. This gray metal 

is soft, malleable, and resistant to rust. In 
the past, it was used to make many things, including 
coins, plumbing pipes, and paint glazes. Awareness 
about lead's toxicity has limited its applications today, 
which include car batteries, electricity cables, and 
decorative stained glass. 


Dull gray metal 


Shiny, green glaze 


Anglesite 
Brownish-yellow This mineral contains a lead-sulfur 
crystals containing compound that is one of the main 


a lead compound sources of lead. Anglesite is produced 


in nature when oxygen reacts with 


Chineseearthenware galena—another ore of lead. 


model of a pigsty from 
Later Han Dynasty, 


206 BCE-220 cE 
Extra sparkle 


Lead crystal—a type of 
decorative glassware—is 
glass that contains at least 

24 percent lead oxide, which 
makes it heavier. It also bends 
Modern lead-acid car light more than regular crystal, 
batteries are sealed and and sparkles more as a result. 
require no maintenance. Lead was used extensively in 
glassware before potential 
health risks over its use 
limited the manufacture 
of lead crystal. 


Lead glaze 

The green glaze on 
this model of a pigsty 
from ancient China is made 
of lead compounds. When such 

a coating is applied to pottery, it 
makes them waterproof. Once fired in 
a kiln, the lead glaze becomes shiny. 


Lead power 

A rechargeable car battery is sometimes 
called a lead-acid battery. This is because 

it typically contains lead plates that are 
coated with lead dioxide and sulfuric acid. A 
lead-acid battery powers a car's electrical 
system, including the lighting and ignition. 


Lead crystal 
has a distinctive 
gray shade and 
a bright finish. 
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this group are known as the "pnictogens, from 
an ancient Greek word that means “to choke.’ 
This refers to the potential toxicity of nitrogen, 
the only gas in this group; the rest are solids. 
Phosphorus is the most reactive member, while 
the chemistry of moscovium, the newest addition, 
is largely unknown. 


The six group 15 elements sit 
between the carbon and oxygen 
groups on the periodic table. 


Nitrogen 


This element makes up 78 percent of 
Earth's atmosphere. An invisible 
and odorless gas, nitrogen is 
continually transferred between the 
environment and living things in a 
cycle. In the soil, nitrogen plays a vital 
role in the growth of plants and fungi. 
Animals make use of nitrogen to build 
proteins, which are essential to life. 


Seen here stored in a 
Nitratine 1. Lightning turns nitrogen in the air glass sphere, nitrogen 
A compound of sodium and nitrogen into nitrogen compounds, which mix in gas gives off a purple 
nitratine is one of the few natürally- rainwater and then fall to the ground. glow when electrified. 
occurring minerals that is rich 

in nitrogen. It is found in dry, arid NU 
areas, and is usually white or break apart the nitrogen 
pale pink in color. compounds, returning 
pure nitrogen into the air. 


The nitrogen cycle *. N \ m i 
Nitrogen is an essential \ e 4. Animals take " 


element for Earth's vei in the nitrogen 5. Fungi, such as 
ecosystem. It is recycled m inustimóms; break 
between the atmosphere, 3. The nitrogen 1 Hi 4 we down the dung, 
the surface, and living compounds $ A ` a. which releases 
things—plants, animals, are taken up \ V 4 9. these compounds 
fungi, and bacteria. by plants. V back into the soil. 


2. Bacteria in the soil and 

plant roots also produce 
nitrogen compounds from 
nitrogen in the air. 
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Taste matters 

A 12-oz (350-ml) can of cola contains 
about 0.002 oz (60 mg) of phosphorus, 
in the safe form of phosphoric acid. 
This ingredient is widely used in soft 


Phosphorus 


15 While pure 


rinks to bring out a tangy, sharp taste. 
phosphorus POLE CHR " 
can Ignite It also prevents 
spontaneously and the growth of 
inflict burns and injuries, le 
the soda. 


it also plays a vital role 
in human biology. Like 
calcium, phosphorus 

strengthens bones and 


Glass of cola 


teeth. It is also present in Apatite 
deoxyribonucleic acid (DNA)— This phosphorus-rich ore gets its name from 
the chemical in our cells that the Greek word apate, which means “deceit,” 


because apatite often resembles crystals of other 
minerals such as aquamarine. Its main use is in the 
manufacture of fertilizer, which requires phosphorus. 


carries our genetic information. 


It’s a trap! 
All plants need nitrogen in large 
quantities to grow. The Venus le 
flytrap grows in nitrogen-poor soil, 
so it supplements its nitrogen Ä 
requirement by feeding on insects 
and absorbing this element from 
them. It catches insects in its 
pressure-sensitive leaves, 
which shut to form a 
stomachlike space for 
trapping the prey. The trap 
fills with liquid chemicals 
that dissolve the prey, which 
is slowly absorbed through 
the leaf's surface. 


Titan is 
shrouded in a 
dense, orange- 
brown smog 
that is mostly 
nitrogen. 


Flies supply 75 percent 
Venus flytrap of the nitrogen that this 
plant needs to survive. 


Nitrogen-rich atmosphere 

Saturn's largest moon, Titan, is unusual. Not only 
is it the only moon in the Solar System to have an 
atmosphere, it has one that is 98 percent nitrogen. 
The remaining 2 percent is mostly hydrogen and 
methane. Some scientists think that nitrogen 
may have been delivered to Titan's atmosphere 
by ancient comets that crashed into it. 


Nitrogen-based fuel 
is twice as powerful 
as gasoline. 


Fueling the race 
When combined with carbon and hydrogen, 
nitrogen creates an immensely powerful fuel 
called nitromethane. This fuel generates the 
force that accelerates dragsters to speeds 
of more than 300 mph (480 km/h). 


Arsenic 


53 One of the few elements that exhibit the 
properties of both metals and nonmetals, arsenic 
is a “metalloid” or semimetal. It is found in many 

minerals in Earth's crust, often combined with 

oxygen, chlorine, or sulfur. While arsenic has 

& areputation as a deadly poison, it has 

also been used as a medicine in the 

past. If ingested, it accumulates 

in human hair and fingernails, 

both of which can be checked 

for arsenic poisoning. 


As a metal, arsenic 
Pure arsenic refined is shiny and gray. 


in a laboratory . p 
Detecting arsenic 


In the early 1800s, arsenic 
compounds, which are tasteless 
and odorless, could be used to 
poison food or drink without being 
detected. In 1836, the English 
chemist James Marsh devised 

a method (shown here) of 
detecting even the tiniest 
amounts of arsenic in food. 
This was called the Marsh Test. 


Volcanic vapor 
releases arsenic 
into the atmosphere. 


Realgar 
This arsenic sulfide mineral is 
found in hot volcanic springs and 
is an important source of arsenic. 
Realgar is toxic, and has been used 
as a rat poison and a weedkiller. 


Cluster of 
realgar 
crystals 


2. Arsine gas flows 
through this tube. 


3. The gas is 
heated and it 
releases arsenic 
compounds. 


1. Tainted food sample 
is mixed with zinc and 
sulfuric acid. If the 
food contains arsenic, 
this mixture will 
release arsine gas. 


4. Arsenic 
compounds are 
collected here. 


Arsenic accumulates 

in the fern's leaves, 
forming a natural defense 
against predators such 
as grasshoppers. 


Poison fern 

An unusual plant known as the 
Chinese brake fern is able to absorb 
large amounts of arsenic from the 
Soil. The toxic element arms the 
fern, protecting it against potential 
pests. In an effort to cleanse 
farming soil of toxins, farmers 

in many parts of the world are 
encouraged to plant the fern to 
Soak up excess arsenic left behind 
in the soil by insecticides. 


Explosive gases 
Many minerals in Earth's crust have high concentrations 


of arsenic compounds and volcanic gases push 
these out into the atmosphere. When a 

volcano erupts, it releases a complicated 
mixture of chemicals at the surface, 
including a lot of arsenic. This can 
contaminate the air or nearby 
groundwater sources. 


Antimony 


This metalloid has two forms—one 

is a brittle, silvery metal, and the 

other is a nonmetallic gray powder. 
Antimony's symbol—Sb—is not associated 
with its own name, but comes from stibium, 
the Latin name for an antimony compound 
called antimony sulfide, used in manufacturing 
some types of plastic. 


This silvery eyeliner. 
semimetal is 
hard but brittle. 
A sad note 


Mozart's death in 1791 at the young 
age of 35 has been the subject of 
much debate among historians. 

One of the popular theories is that 
he died as a result of accidental 
antimony poisoning from a medicine 
that he had been prescribed. This 
painting called The Death Of Mozart 
by Irish artist Henry O'Neill depicts 
the gifted composer's last moments. 


Pure antimony crystals 
refined in a laboratory 


Bismuth 


A heavy metal with a low melting point, bismuth 

forms incredible rainbow-colored crystals. 

An oxide layer on the surface produces bright 
yellows, pinks, reds, and blues. As a result, bismuth was 
used widely to decorate items such as wooden chests. 
Bismuth was so popular in 15th-century Germany 
that artists using this 
element formed 
their own guild of 
master craftsmen. 


Makeup 
The shiny, "pearling" effect 
seen in cosmetics, such as 


nail polish, comes from a 
compound called bismuth 


Bismuth crystals 
refined in a 
laboratory 


its crystals produce a pearly 
sheen. This compound has 


ancient Egyptian times. 


Ancient eye cosmetics 


oxychloride. When hit by light, 


been used in cosmetics since 


Compounds containing antimony 


have been used as black eyeliners 
by many civilizations. Known as 
kohl in some parts of the world, 
its use is controversial because 
the antimony and lead used to make 
it are considered to be toxic. 


Painting of Egyptian 
Pharaoh Amenhotep I 


Moscovium 


One of the newest 
elements to be 
placed on the 
periodic table, Moscovium 
is named after Moscow, 
the capital of Russia, 
where a significant 
amount of research for 
its creation was carried 
out. Moscovium is highly 
radioactive, and its atoms 
break up so quickly that 

it is hard to determine 
the element's properties, 
although some scientists 
think it may be a solid 
metal. Currently, it has 

no known applications. 
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+ sx The Oxygen Group 


K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga 8 As Se|Br Kr 


Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd in & Sb| Te I Xe 


C OS ie al WW me Os Oe Hv DD OT These elements are sometimes called 

FA Re AG Rt Db So in HE Mc DS RG En Wh v GY "chalcogens,' from the Greek word chalcos, 
est t+ meaning “ore formers.” Ores of most metals are 

i—— compounds of either oxygen or sulfur, both of 

which belong to this group. While oxygen is a 

gas, the other members are solids at room 

temperature. Oxygen and sulfur are nonmetals; 

selenium, tellurium, and polonium are semimetals. 

The artificial element, livermorium, is largely 


unknown—only a few atoms have been made. 


All six elements of this group 
are able to form compounds 
with each other. 


Oxygen 


8 The third most abundant element in the Universe, 
Ö oxygen makes up 21 percent of the air we breathe. 
This colorless gas becomes a blue liquid at -297?F 
(-183°C), which is used in the medical industry to preserve 
tissue samples. Oxygen has several forms, including ozone, 
which forms a protective barrier between Earth and the 
damaging ultraviolet rays of the Sun. 


This glass sphere stores 
pure oxygen, which Oxygen reaction 
produces a silver-blue A chemical reaction called 
glow when electrified. oxidation takes place when 
oxygen comes into contact 4 
with any substance. For 
example, a cut apple turns 
brown because its cells f 


react with oxygen in the air. 
Along with water, oxygen 
plays a role in corroding m 


steel. Iron oxidizes (rusts) as 

it reacts with oxygen to form 

orange-red iron oxide that flakes 
away, weakening the metal. 


4 
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This apple's brown flesh 
is a sign of oxidation. 


Oxygen cycle 
All living beings depend on oxygen for their existence. 
Animals on land and in water breathe in oxygen as they 
respire. However, while animals breathe out carbon dioxide 
in this process, plants take in carbon dioxide. Then, plants 
combine it with sunlight and water to produce energy and 
release oxygen back into the atmosphere in a process 
called photosynthesis. 


Specialized masks connected 
to oxygen tanks provide 
oxygen to the mountaineer. 


Carl Wilhelm Scheele Joseph Priestley 


Disputed history 

In the time before email and social media, 

most messages were sent slowly by hand. 

This sometimes led to disagreements over 

who first discovered an element. Oxygen is 
one of many elements with a disputed history 
of discovery. The German-Swedish chemist 
Carl Wilhelm Scheele first identified oxygen, 
but the English chemist Joseph Priestly was 
first to publish his results of finding the gas, 

so he is often credited with its discovery. 


Thin air 

At high altitudes, such as on top of mountains, the air 

is thinner than it is at sea level. This means that the 

a HR ee Pun spread I Ri Jaen Thegreen color ie produced 
it difficult to breathe. Mountaineers, therefore, often by oxygen located up to 60 miles 


carry a supply of oxygen in tanks. (95 km) above Earth's surface. 


Wood needs oxygen 
to burn, releasing 
heat and light. 


Burning up 

When something 

burns, it is said to be 
undergoing a reaction 
called combustion. This 
process involves three 
things: oxygen, a fuel 
(such as wood), and the 
release of heat (such 

as fire). If the supply of 

oxygen is removed, the 

fire will be extinguished. 


Colorful sky 
The northern lights—a naturally occurring display of light in some 
arctic regions—are the result of particles from the Sun colliding 
with gases in Earth's atmosphere. Oxygen and nitrogen in the 
air are the gases responsible for the dazzling colors. The green 
color is produced when the Sun's particles collide with oxygen, 
while the blue and violet colors are produced as a result of their 
collision with nitrogen. Canada, northern Europe, and : 
Iceland are some of the places where the 
northern lights are most visible. 


Tellurium 


Rare in Earth's crust, tellurium is 
named after tellus, the Latin name 
for “Earth.” Like selenium, it is a toxic 

semimetal with a pungent, garliclike smell. 

It has several uses in industry, including 

in the manufacture of fiberoptic cables 

and semiconductors. 


Selenium 


This semimetal has two pure forms—one is 

powdery and red and the other is a hard, 

gray metal. As well as being used to 
modify glass, selenium is used to coat solar cells. 
Its compounds are found in many everyday products, 
from dandruff shampoos to photocopiers. 


Metallic sheen on 
gray selenium 


Silvery-white 
crystals 


Red color due to 
a selenium glaze 


Chunk of pure gray selenium 
refined in a laboratory 


A touch of color 

Certain selenium compounds can change 
the color of glass—some can provide an 
orange-red tint; others make the glass 
colorless. Bright ruby reds or pink hues in 
glass are often due to the addition of selenium. 


Sulfur 


Once believed to be an important ingredient in the 
making of the Philosopher's Stone—a legendary 
substance capable of turning common metals into 
gold—sulfur was used widely by early alchemists. In 
its raw form, this nonmetal is found as yellow 
crystals, and is renowned for its foul 
odor. Sulfur also keeps the body 
healthy, from helping 
resist harmful bacteria 
y to aiding in the 
V growth of muscles. 
pum In industry, it is used 
f to make a chemical 
called sulfuric acid. 


Pure tellurium 
crystals refined 
in a laboratory 


on 


In my defense 

When faced by a predator, a skunk turns its 

back and sprays a combination of smelly sulfur 

compounds at its enemy. These compounds 

re are called thiols and are related to alcohols. 
Not only do they smell foul, they can also 
irritate the victim's eyes and lungs. 


Powdery yellow 
sulfur deposits 


be / Celestine 


YA Available throughout Earth in its y 
IT raw form, sulfur also appears 
u in many compounds. The sulfur 
Laboratory compound strontium sulfate 
sample of pure is present in celestine, a pale 


sulfur granules blue crystalline mineral. 
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, Generating heat 
ey y Polonium emits radiation and heat 
Ss in a process called radioactive 
PROS decay. In 1970, this heat 
Lunokhod 1 bón, T9 powered a radioisotopic heater 


unit (RHU) on Lunokhod 1, 

a remotely operated rover 

placed on the Moon 

ED by the Russians. 
The RHU kept the 
rover's instruments 

at the correct 


f. [^ ) operating temperature 

; j N at night, when the 
A) : temperature 

rage plummeted 


to -279.4°F 
(-173°C). 


lunar rover 


= 
= 
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Polonium 


84 This element was named after Poland, the country of birth 
Po of Marie Curie—the chemist who discovered polonium. 
This silvery-gray semimetal is highly radioactive, and that 
property has been harnessed to provide heat in space probes. 
It is also used in scientific research. 


Acid rain 
Burning fossil fuels, such as coal, 
releases sulfur and nitrogen 
compounds into the air. These 
react with the oxygen and 
water in the atmosphere to 
form acids, which then fall 
to the ground as rain. This 
acid rain can dissolve 
stone that is exposed to 
the weather. Statues 
and buildings made 
from limestone and 
marble are most 
vulnerable to acid 
rain corrosion. 


Sulfur springs 

Volcanic hot springs are often a 
natural source of sulfur. The hot 
water in the springs is produced 
as a result of volcanic activity 
underground and, as the water 
reaches the surface, it brings 
dissolved sulfur minerals with 
it. At this hot spring near the 
Dallol Volcano in Ethiopia, 
water containing natural 

sulfur and minerals has 

dried up, leaving behind 

a yellow crust. 


Hot springs 
in the Danakil 
Depression, Ethiopia 


Livermorium 


Named in 2012, 
livermorium is an 
artificial, super-heavy 
element that was made by 
colliding curium and calcium 
atoms in a machine called a 
particle accelerator. It was 
discovered in partnership by 
Russian scientists at the Joint 
Institute for Nuclear Research 
(JINR) in Dubna, Russia, and 
American scientists at the 
Lawrence Livermore National 
Laboratory in California. 
Livermorium is named after 
this American laboratory. With 
only a few atoms ever produced, 
this element has no known uses 
outside of research. 
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Vulcanization 

Adding sulfur to rubber 

hardens the rubber and 
makes it flexible and more 
durable. This process is 
called vulcanization. 
Vulcanized rubber is up 
to 10 times stronger 
than natural rubber. 

Vehicle tires, bowling 

balls, and rubber 

hoses are all made 

of vulcanized rubber. 


Corroded limestone 
statue of King Charles Il 
in Lichfield Cathedral, 
Staffordshire, UK 
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Cube-shaped 
crystals 


Halite 

Chlorine can be extracted from the 
mineral halite using a process called 
electrolysis. Dissolving halite in water 
and passing electricity through it 
releases chlorine gas. Huge amounts 
of chlorine can also be found in the 
oceans, meaning an almost limitless 
supply is available naturally on Earth. 
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This tube shows the level 
of chlorine in the water. 
The darker the sample, the 
more chlorine in the pool. 


Halogens 


The word halogen means “salt forming.’ Elements 
in this group are able to create salts when they 
react with metals. For example, lithium bromide 
is a compound of the halogen bromine and the 
metal lithium, while table salt—sodium chloride— 
is a compound of chlorine and sodium. The first 
four members of this group—fluorine, chlorine, 
bromine, and iodine—are all very reactive in 
nature. Astatine is far less reactive, while the 
chemistry of tennessine—a halogen confirmed 

in 2016—is still a mystery. 


^ Chlorine 


This halogen has a useful and a dangerous 
à side—while it is a crucial component in 

water purification, it is also a toxic gas. As 
a pure element, it has limited applications, such as in 
disinfectants for swimming pools. However, chlorine is 


present in compounds used for a whole host of industrial 
processes, including those that produce medicines. 


+, Common salt 

Before it is purified and placed at the dinner table, 
table salt can be found as a crystalline mineral 
in its natural form. Known commonly as rock salt, 
its scientific name is sodium chloride. 


This tube indicates the pH of the water. The 
more yellow the sample, the lower the pH 
value and the greater the acidity. 


Purifying water 

Chemicals containing chlorine 
are used to disinfect water in 
swimming pools. The chlorine 
helps to kill bacteria and to keep 
the water's acidity at the correct 
level. The acidity is measured 
using the pH scale, which ranges 
from 0 to14. A pH in the middle— 
about 7.4-7.6—is ideal. If it is 
too high or low, the water can 
damage skin and irritate eyes. 


: Fluorite 

F lu O rl n e Also known as fluorspar, fluorite 
is a naturally occurring mineral 
consisting mainly of the 
compound calcium 
fluoride. When 

fluorite reacts 

with sulfuric 

acid, it produces 
hydrogen fluoride, 
which is the main 
source of fluorine 
in industry. 


The most reactive of all halogens, fluorine Fluorite 

has a reputation as a dangerously unstable crystals 

element. It reacts violently with metals, 
hydrogen gas, and water, and will even react with 
some noble gases, which are normally inert. 


Fluoride 
Some fluorine compounds play a vital role in oral health. 
When added to toothpastes and the water supply in the 
form of safe fluorides, these compounds help prevent 
tooth decay by strengthening tooth enamel. 
Green color is 
due to impurities 
in the crystal. 


Deadly pesticide 

In the 1940s and 1950s, the 
chlorine-based chemical DDT 
(dichloro-diphenyl-trichloroethane) 
was used widely as a pesticide to 
curb insect-borne diseases. However, 
concerns about its impact on wildlife 
and human health grew until it was a 
banned in the US in 1972. Today, are composed 
it is banned in most countries of PVC. 

and severely restricted in others, 


8 got where it is used mainly to fight 
DC1 g outbreaks of malaria, a deadly 


la lerreur des moustiques disease spread by mosquitoes. 


These strong 
pipes—for 
use in house 


An indispensable plastic 
Arguably one of the most important compounds 
to contain chlorine is polyvinylchloride (PVC). 
This type of plastic has a huge number of uses 
in and around the home, including water pipes, 
garden furniture, and waterproof clothing. 


This poster from the 1950s 
shows an elephant spraying 
a can of DDT to kill mosquitoes. 


Filter unit absorbs 
deadly chlorine gas. 


British World 
War ll gas mask 


Chlorine-based bleach 
Gas warfare 


A pungent, yellow- 

green gas, chlorine 

affects the eyes, nose, 
throat, and lungs, by 
causing a choking and 
irritating effect that can 

lead to suffocation. As such, 
chlorine was first used as a 
chemical weapon in World War |, 
which led to the development of 
gas masks for troops. By World 
War Il, gas masks were provided 
for troops and civilians alike. 


Bleaching agent 

Paper products such as 
napkins, tissues, and printer 
paper can be made bright 
white by using chlorine as a 
bleaching agent. Common 
household bleach, which is 
used to kill germs, contains a 
powerful chlorine compound 
called sodium hypochlorite. 
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Bromine 


The third member of the halogen family, 
bromine is a distinct red-brown liquid. 

It is one of only two elements on the 
periodic table that are liquid at room temperature, 
the other being mercury. Toxic in nature, bromine 
must be handled with care. Its name comes from 
the Greek word bromos meaning “stench’—a 
reference to its unpleasant smell. 


Medicinal salt 

Potassium bromide, a compound 
similar to common table salt, was 
used in the late 19th century to help 
patients sleep. Today, it is useful in 
veterinary medicine for controlling 
seizures in dogs. 


Cloth dyed with 
Tyrian purple 


White, saltlike crystals 


Bromine purple 
Tyrian purple is a naturally 2 
occurring dye secreted by 
some sea snails. It contains 
a bromine-based compound. 
In ancient Rome, this dye 
was highly prized, and purple 
clothing was seen as a sign of 
great wealth and importance. 


Muride 
The French chemist Antoine-Jéróme Balard discovered bromine 
and originally named it muride. This was based on muria, a Latin 
word for "brine," because Balard had extracted the element from 
seawater. This name was later changed to "bromine" to match the 
other halogens known at the time. 


A drop of liquid | 


bromine formed at 
room temperature 


Fresco at the Villa of the Mysteries in the 
ancient Roman city of Pompeii, Italy 


Bromine vapor 


Pure bromine 
stored in a 
glass sphere 


E 


Take a picture 

Due to its light sensitivity, 
the compound silver bromide 
is put to good use in black- 
and-white photography. 
Photographic film coated 
with a silver bromide 
solution changes color when 
exposed to light. This creates 
an image that is developed 
into a photograph. 


The image darkens 
on exposure to light. 


The Dead Sea in the 
Middle East contains 
high quantities 
of bromine. 


lodine vapor 


lodine 


P7». 


The name iodine comes from the 
| Greek word iodes, which means 
“violet.” When heated, this halogen 
changes directly from a solid to a violet vapor 
without turning into a liquid—a process called 
sublimation. lodine is important in our diet 
because it is vital to the production of chemicals 
that regulate body functions, including growth. 
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Seaweed diet 
Most seaweed 
contains a large 
amount of iodine. 
The Japanese 
consume a lot 

of iodine, as a 
traditional Japanese 
diet will often 
feature seaweed. 


reflecting off white 
snow can make it 


Purple-black 
solid iodine 


Polarized surface provides 
extra protection against the 
Sun's ultraviolet radiation. 


Pure iodine stored 
in a glass sphere 


Protective eyewear 
Polarized sunglasses are 
covered with a thin plastic 
film dipped in an iodine 
solution. This coating 
reduces the Sun's harsh 
glare. Many skiers use 
polarized glasses 
because sunlight 


hard to see. 


Astatine 


A highly radioactive element, astatine 
is also very rare. There is an estimated 
amount of less than 1 oz (30 g) present 
in Earth's crust. In 1940, Italian-American 
physicist Emilio Gino Segré shared the 
discovery of this element 
with American physicists 
Dale R. Corson and 
Kenneth Ross MacKenzie. 
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Emilio Gino Segre 

In addition to his discovery of 
astatine, Segré is also credited 
with discovering the element 
technetium. He won the 1959 
Nobel Prize in Physics for 
his discovery of the 
antiproton—a particle 
with the same 

mass as a proton 

but with a negative 
electric charge. 


Tennessine 


i. 


zx In November 2016, element 117 was 
Ts | named Tennessine as a tribute to the 
= state of Tennessee. This region is home to 


the Oak Ridge National Laboratory, which played 
a prominent role in the research that led to the 
discovery of this element. 


A nuclear 
reactor at the 


Oak Ridge 
National F ; r XT 
i. Y 

Laboratory, x i 1 in Bi: 

Tennessee | ur MEO T dm. 
ELS — na — 
= ; : 

Researchers 


use acrane to 
move fuel rods 
into the reactor. 
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The noble gases sit in group 18—the 
final group of the periodic table. 


This sample of helium is 
stored in a glass sphere. 


Helium is a 
colorless gas, 


| Wolf-Rayet 124 glows inside the M1-67 Nebula. 


but it glows purple 
when electrified. 


E -456.3°F (-271.3°C). 


Noble Gases 


Because they are colorless, odorless, tasteless, 
and mostly unreactive, the noble gases were 

not easy to identify. But once one was found, 

the rest followed fairly quickly. Argon was the 
first of the family to be discovered, by British 
chemists Morris William Travers and William 
Ramsay in 1894. With the subsequent discoveries 
of helium, krypton, neon, and xenon, a whole new 
group on the periodic table was established. 


Helium 


Mmm Although abundant in the Universe, helium is not 
He widespread on Earth. The Sun and other stars 
CE contain a lot of helium, produced by pairs of 
hydrogen atoms crashing into one another to make helium 
atoms while releasing massive amounts of energy. On Earth, 
helium is produced naturally as a result of radioactive decay. 


Keeping cool 
In a particle accelerator (a machine that smashes 
atoms together in scientific experiments), liquid helium is 
injected into the electromagnets to keep the magnets 
cool. The Large Hadron Collider (LHC) at CERN— 

the European Organization for Nuclear 
Research on the French-Swiss border—is 

the world’s biggest particle accelerator. 
It is inside a circular underground N j 

Ay 
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tunnel that runs for 17 miles (27 km). 


Extreme-helium stars 
Unlike most stars, composed 
primarily of hydrogen, extreme- 
helium stars such as Wolf-Rayet 124 
(left) are made up of approximately 
85 percent helium. Wolf-Rayet 124 is 
an ultra massive star surrounded by 
B theintensely hot M1-67 Nebula. This 
type of star also contains smaller 
amounts of other elements, including 
carbon, nitrogen, oxygen, aluminum, 
iron, chromium, and nickel. 


In the LHC, liquid 
helium cools the 
electromagnets to 
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Neon 


Perhaps the most well known 

of allnobles gases for its role in 
neon signs, neon is an unreactive 
element. Like helium, this transparent 
gas is commonly found throughout the 
Universe but is rare on Earth. Unlike 
helium, which is found mixed in natural 
gas, neon is available only in air. It is 


extracted by cooling air until it becomes Neon lights 
This sample of neon is a liquid. In industry, neon is used as a Gas tubes filled with neon are commonly 
stored in a glass sphere. : A d in bright red signs and lights 
coolant, as well as in making some bia 9 9 gais: 
Normally a colorless gas, g The other colors are not actually neon, 


it gives off a red-orange types of fluorescent lamps and in 
diving equipment. 


glow when electrified. 


A helium-neon laser 
beam appears red 
in color. 


di^. uL 


Scanning codes 

Barcodes may look like nothing more than a 
collection of black-and-white parallel lines, 
but they store data about the product that can 
only be read by machines. Barcode scanners 
use lasers made of a combination of helium 
and neon. These efficient lasers use very little 
energy, and are used in supermarkets and 
retail shops throughout the world. 


but other elements; for example helium 
(yellow), argon (purple), and mercury (blue). 


Weather balloons collect 

wind data, including temperature 
and speed, as well as atmospheric 
pressure readings at high altitudes. 


Up, up, and away 

Helium has been used in all types of \ 
balloons, including weather balloons 
and party balloons. Since helium 
gas is lighter than air, balloons filled 
with this element float upward in 
the atmosphere. Unlike hydrogen, 
helium is not flammable, making 

it a much safer choice. 
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Pure argon in 
Argon gives off a glass sphere 
a pale purple 
color when it 
is electrified. 


Fighting fire 
Argon extinguishers are highly 
recommended for suppressing 


ARGON 


UN 1006 
electrical fires. The gas does not NET WEIGHT 


damage expensive equipment ES 


by leaving a residue, making it a 
popular choice for fire extinguishers 
in server and data rooms, museums, 

archives, and laboratories. 


Krypton 


A odorless and colorless gas, krypton 

means "the hidden one” in Greek. 

It plays an important role in airport 
safety—the flashing lights on most modern 
airport runways are filled with this gas. 

A krypton-filled light bulb gives off a bright 
white light, making it a good light source in 
high-speed photography. 


Krypton-powered 
airport runway lights 


Argon 


This element's name comes from 
argos, the Greek word for “idle.” 

True to its name, this gas does not 
react with any other element, so it is used 
when industrial processes need a stable, 
environment. It does not conduct heat well 
either, so it is often used as a filler to slow down 
heat loss in double-glazed windows, and to 
protect the rubber in car tires. 


The blue argon laser 
targets the retina 
during eye surgery. 


Noninvasive surgery 
Laser surgical procedures 
do not make incisions and, 

consequently, the affected area 
heals quickly. In the case of eye 

surgery, this blue argon laser 
can be used for a wide range of 
delicate operations on the retina. 


Oganesson 


Only a few atoms of this highly radioactive 
element have been made in a laboratory. 
As such, not much is known about it. 
While scientists think it could be solid at room 
temperature, there is a chance that oganesson 
may be an inert noble gas. 
Discovered by a group of 
Russian and American 
scientists in Dubna, 
Russia, the element 
is named after Yuri 
Oganessian, the leader 
of the team. 


Russian scientist 
Yuri Oganessian 


Xenan gi 


Like most members of its group, 
xenon is also an unreactive, 
colorless, and odorless element. 
However, it glows a striking blue when 

a high voltage is applied to it, and this 
property makes it a valuable ingredient in 
car headlights and studio lights. Some rocket 
engines use xenon-based thrusters to propel 
the spacecraft forward. 


Pure xenon 


electrified in 
a glass sphere 


The Dawn spacecraft carried 
937 Ib (425 kg) of xenon at launch. 


Rocket fuel 

Xenon is used as a fuel 

in some rocket engines. 
Chemically inert and easily 
stored in a compact form, 
its atoms are heavy, so 
they provide more thrust 
compared to other fuels. 


Lights on 

Film studios use 

xenon-based lamps, 
because they are the closest 

in quality to natural light. Special 

effects artists use this type of 

light source to create an intense, 

straight beam of light on film sets. 


Radon 


Produced by the breakdown of uranium and 

other radioactive elements, radon is the only 

natural radioactive noble gas. In most places, 
this element exists in tiny amounts in the air, yet it is 
still responsible for most of the radiation on Earth. The 
level of radon spikes, however, around volcanic springs 
and geothermal power plants—power stations that 
use energy from volcanic rocks to generate electricity. 


Artist's impression of 
NASA's Dawn spacecraft 


Radioactive 
materials in this 
mineral break 
down to emit 
radon gas. 


Uraninite 


The water from this volcanic 
hot spring contains radon. 


Hot spring baths Glass sphere 
Radon escapes from volcanic containing 
hot springs and muds along radon and air 5 " 
with other gases, such as 
carbon dioxide and sulfur 
E. dioxide. While radon is 
> considered to be toxic by 
environmental agencies, \ 
some health-seekers visit N 
thermal baths for a dip in 
these waters. 


Radon residue 


ACID 

A corrosive substance that reacts 
with a base (see base) to form a salt 
and water. 


ALCHEMY 

Practices in medieval 
times that tried to 

turn common metals, 
such as lead, into gold. 


ALKALI 
A soluble base (see base). 


ALLOY 
A mixture of two or more metals. 


ATMOSPHERIC PRESSURE 
The pressure created by the 
gases surrounding Earth. 


ATOM 
The smallest unit of an element. 


ATOMIC MASS 
The mass of an atom measured 
in atomic mass units (AMU). 


BASE 

A corrosive substance that will 
react with an acid (see acid) to 
form a salt and water. 


BLOCK 

Larger sets of elements on 
the periodic table that 
may have similar 
properties. 


Saxophone 
made of bronze, 
a copper-tin alloy 


BOND 
The attraction between atoms that holds 
them together in an element or a compound. 


CATALYST 
A substance that can be added 
to a chemical reaction to speed it up. 


COMBUSTION 
A chemical reaction in which a fuel burns 
in the presence of oxygen. 


COMPOUND 
A substance made up of elements 
bonded together. 


CONDUCTIVITY 

The ability of a substance to let 
electricity, sound, or heat pass 
through it. 


CORROSION 

The process of a metal breaking 
down by chemically reacting with 
substances in the environment. 
An example of this is the rusting 
of iron through reactions with 
oxygen and water. 


CYCLOTRON 

A type of particle accelerator. Particle 
accelerators are machines used to 
smash atoms into one another at 
incredibly high speeds. 


ELECTROLYSIS 

A technique that uses electricity to 
break salt compounds down into 
simpler substances. 


ELECTRON 
A negatively charged particle that orbits 
the nucleus of an atom. 


ELEMENT 
A substance that cannot be broken down 
into anything simpler. 


EMISSION 
The process of giving off light, heat, 
radiation, or particles. 


FISSION 
The process of splitting the nucleus 
of an atom into smaller fragments. 


FOSSIL FUEL 

A substance formed in 
Earth's crust from the 
remains of ancient 
organisms. Humans 
use this as fuel. 


FUEL CELL 
A device that converts chemical energy 
into electricity. 


GALVANIZATION 
The process of electrically coating steel 
with zinc to protect it from corrosion. 


GENETICS 
The study of inherited traits between 
different organisms. 


GROUP 

A vertical column of elements on the 
periodic table, with elements that often 
have similar properties. 


HALF-LIFE 

The time taken for half of the nuclei 
in a radioactive sample to undergo 
decay (see nuclear decay). 


Rust on motorbike, an 
example of corrosion 


INERT 
A way of describing a substance that does 
not easily undergo a chemical reaction. 


INSULATOR 
A substance that does not let electricity, 
sound, or heat flow through it easily. 


ION 
A charged particle produced 
when an atom either loses 

or gains electrons. 


Crystals of the 
element bismuth 


ISOTOPE 

A form of an element with atoms that 
have the same number of protons but 
a different number of neutrons. 


MALLEABILITY 
A metal's ability to be reshaped. 


MELTING POINT 
The temperature at which a solid gets 
hot enough to turn into a liquid. 


METAL 

An element that is usually found as 
a shiny solid and is a good conductor 
of electricity and heat. 


MINERAL 

A naturally occurring form of a 
chemical compound, usually found 
in Earth's crust. 


MOLECULE 
A group of atoms that are chemically 
bonded to one another. 


NEUTRON 

A neutral subatomic 
particle found in the 
nucleus of an atom. 


NUCLEAR BOMB 
An explosive device 
that releases large 
amounts of energy 
and can cause 
mass devastation. 


NUCLEAR DECAY 

A natural process in which the nuclei 

of radioactive atoms break down or 
rearrange themselves to form new nuclei. 


NUCLEAR REACTOR 
A device used to carry out a controlled 
nuclear reaction. 


NUCLEUS 
The dense center of an atom where 
protons and neutrons are found. 


OPTICAL CLOCK 
A special type of clock that uses 
light and single atoms to keep 
highly accurate time. 


ORBITAL 
Spherical layer, or shell, 
around the nucleus of an atom 
where electrons can be found. 


ORE 
|. Naturally occurring rock 
from which useful 


ORGANIC CHEMISTRY 

A branch of chemistry 

that deals with the 

chemistry of carbon and 
its compounds. 


OXIDE 
A compound that forms when an element 
combines with oxygen. 


PERIOD 

A horizontal row of elements on the 
periodic table, with elements that often 
have very different properties. 


PH SCALE 

A numeric scale used to describe the 
acidic or basic properties of a substance. 
Less than 7 on the scale is described as 
acidic, above 7 as basic, and 7 as neutral. 


PHOTOSYNTHESIS 

Naturally occurring chemical reaction 
that plants use to turn light energy into 
chemical energy. 


POROUS 
A material with tiny holes through 
which liquids can pass. 


PROTON 
A positively charged particle in the 
nucleus of an atom. 


RADIATION 

Energy released, 
usually in the form of 
waves or particles. Pellets of 
radioactive 


californium 


RADIOACTIVITY 

A process that occurs 
when an atom is unstable, 
because the protons and neutrons 
in the nucleus do not stick together. 


minerals can be extracted. 


TEMPERATURE 
How hot or cold something is 
as measured on a defined scale. 


TOXICITY 
A measure of the poisonous properties 
of a substance. 


TRANSURANIUM ELEMENTS 
Elements with an atomic number higher 
than that of uranium (92). 


ULTRAVIOLET RAYS 

Invisible electromagnetic radiation with very 
short wavelengths. It is called ultraviolet 
because it is beyond the violet end of visible 
light on the electromagnetic spectrum. 


Fluorite, a mineral containing fluorine 


VAPOR 
A gas that can easily be changed back 
to a liquid by cooling it or putting it 

under pressure. 


REACTIVITY 
A substance's tendency to undergo 
chemical reactions. 


SALT 
A compound that forms when an 
acid reacts with an alkali. Sodium 
chloride is the most familiar 
example of a salt. 


SEMICONDUCTOR 

A material that conducts 
electricity better than an 
insulator but not as well 
as a metal. 


SEMIMETAL 

An element that displays the 
properties of both metals and 
nonmetals. It is also called 

a metalloid. 


SOLUBLE 
Dissolves in a solvent (usually water). 


STATES OF MATTER 

The three common states of matter are 
solid, liquid, or gas. In solids, particles 

are bound to each other, so they remain 

in fixed positions. In liquids, particles 

are loosely attached to each other, and 
move freely. In gases, particles are not 
attached to each other, and can move away. 


Jet engine with inner 
blades made of a 
rhenium superalloy 


VERDIGRIS 
A gray-green layer that forms on copper 


SUBATOMIC PARTICLE when it is exposed to air. 


A particle that makes up an atom. These 
include protons, neutrons, and electrons. VOLTAGE 

The force that pushes an electric current 
SUPERALLOY around a circuit. 
A combination of metals that can 
withstand extreme temperature 


and pressure. 


WIRELESS 

Transmitting messages through 
electromagnetic waves rather than wires. 
SUPER-HEAVY ELEMENTS 

Elements with the atomic number 104 X-RAY 

or higher. A type of powerful electromagnetic 
radiation. X-rays can pass right through 
human tissue but not bone, and are used 
in medical science to take internal pictures 
of the human body. 


SYNTHETIC ELEMENT 
An element created artificially in 
a laboratory. 
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balloons 67 
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boron group 11, 46-49 
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cadmium 30 
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cobalt 25 
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Curie, Marie 21, 44 
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dubnium 34 
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gadolinium 38 

gallium 48 

gases 5 see also 
noble gases 

germanium 52 

glassware 53, 60 

gold 33 

hafnium 30 

halogens 11, 62-65 

hassium 34 

helium 66-67 

holmium 38 

hot springs 61, 69 
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indium 49 

iodine 65 
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lanthanides 10, 36-39 
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Large Hadron Collider 
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lawrencium 45 
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livermorium 61 
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magnesite 19 
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magnets 25, 36, 38, 66 
manganese 24 
medical tests 21, 38 
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seaborgium 34 
selenium 60 
silicon 51 

silver 29 

smoke detectors 41 


stalactites and 
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